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MERCURY MERCAPTIDE NITRIDES, ETC. 


ys^W.^-Mercury Mercaplide Nitritea and their 
Reaction with the Alkyl Iodides. Part IV. Chain 
Compounds of Sulphur (continued). 


By Pbafulla Chandra Bay and Prafulla Chandra Guha. 


I this investigation, the reactions of several actual and potential 
ercaptans, some of them cyclic, have been studied. It was ex- 
isted that in these, the molecules being of a more complex nature, 
le radicle, especially 'SEgNOg, would far more readily part com- 
luy with the parent substance and lead an independent existence 
i the compound, 3(SHgN02),Hg0 (T., 1917, 111, 101). The 
suit has proved to be just the reverse. 
j-Thiol-2-thio-3-phenyl-2 : 3-dihydro- 1 : 3 : 4-thiodiazoIe, 


NPh-N, 
CS— S' 


>C-SH, 


elds, with mercuric nitrite, the corresponding mercaptide nitrite 
cinpare T., 1916, 109 , 131), 

RSH -h Hg{N02)2=RS*HgN0, + HNO., 
iercuric nitrite and phenyl mercaptan furnish a compound, 
b^SgHg, evidently a mercaptide, and sometimes another oxy-salt, 
:PhS,HgO) 2 . It is only in exceptional cases (see p. 264) that 
le expected mercaptide nitrite, PhS-HgNO^, is obtained, and then 
ily in an impure form. 

The reaction appears to proceed in the following stages ; 

PhSH -j- Hg(N02)2 = PhS'HgNOg -H HNO^. 
ie nitrous acid thus liberated oxidises another pair of molecules 
phenyl mercaptan to diphenyl disulphide, and the latter then 
rms with mercuric nitrite the compound, 

PhS-SPh ^ PhS'SPh 

/\ /\ 

OgNHg NOg Hg— 0 


'0 molecules of this compound combine with a molecule of 
‘henyi disulphide, giving rise to the compound, 

PbS'SPh 

2 /\ ,Ph,S2, 

Hg-0 

l-Pheuyh5*methyl-2-thiohydantoin gives the mercaptide nitrite, 


CO-NPb 

CHMe-N 


>C-SHgN02. 


fOL. CXV. 


M 
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Potential Mercaptam. 

The interaction of mercuric nitrite and the aryl substitui<( 
thiocarbamides, thiosemicarbazides, thiocarb azides, etc., follows tb 
ordinary course, but no* detachment of the organic radicle tabe 
place. Thus with phenylthiocarbamide we have 

NlJPh-C(NH,):3 NHPh-C(:NH)'S-HgN02 -> 

NHPh-C(:NH)-S(HgKOj)^l’t', 

Attention may also here be directed to the interesting analogouj 
case of potassium phenyldithiocarbazinate, which combines in itsel 
the function of a real and of a potential mercaptan, thus: 

KHPh-NU-CSjK "1^“$ NHPh-N:C(SH)-SK -> 

NHPh-N:C(S-HgNOj)-S(HgK02X^' 

The sulphur atom belonging to the potential znercaptan aloi 
becomes quadrivalent. 


Migration of AJhyl Uadicles. 

When thiocarbanilide methyl ether is treated witli mertur 
nitrite, the methyl group jnigrates to the neighbouring nitrogf 
atom, hydrogen taking its place, thus: 

NHPlrC(:NPh)-8Me NMePh-C(:NPh)'SH-H>- 

NMePh*C(:NPh)*S'HgNO, 


That the reactions described above are of wide application : 
borne out by the behaviour of 5-methylthiol-2-thio'3-pheiiyl 
(lihydro-l : 3 : 4-thiodiazole, which with mercuric nitrite gives iti 
compound, 


NPh'NMe 

g>0(HgNO,)-S-HgNO,. 


Reaction with' the Alkyl Iodides: Formation of Mono-, Di-, omi 
Tri-sulph onium Compo unds . 

The reaction follows the general course with this material difffi 
ence, that the complex radicle, being overweighted, can no longf 
ret^ain its entity, but the less stable part of it is usually rupturet 
Of special significance from this point of view is the rupture ( 
the ring of the hetorocyclic mercaptide nitrites. When tli 

mercaptide nitrite of 5-thiol-2-thio-3-phenyl-2 : S-dihydrod :3:1 
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thiodiazole is digested witK an alkyl iodide, the product (I) is 
obtained, and by further action of the alkyl iodide, the phenyl 

Hgl R Hgl R Hgl R 

R-NPh-N:CK-S ia — SR NR,,’KU’CR,-S — SR 

1 i i i ; I 

(I-) (II.) (III.) 

group is displaced by the alkyl group and the compound (II) is 
formed. Finally, two more alkyl groups are attached, with the 
production of the compound (HI). 

By the action of methyl iodide, two compounds correspond! ii if 
with stages (I) and (III) have been isolated, whereas in the case 
of ethyl iodide only one compound has been obtained, wliicli corre- 
sponds with stage (II). 

When .2-thio-3-phenyl-2 : 3 -dihydro-1 ; 3 : 4 -thiodiazole disulphide 
dissolved in carbon disulphide was heated under reflux with ethvl 
and mercuric iodides, not only was there no rupture of the thio- 
diazole rings, bub one of the tertiary nitrogen atojns became 
quaternary by cojribiniug with a molecule of ethyl iodide, and the 
following compound, 

Hgl Et 

i I 

was obtained. 

The action of alkyl iodides on phenyl mercaptide nitrite follows 
the usual course and yields compounds of the general formula 
PhRS2,Hgl2,RI. 

An interesting monosulphonium compound has been obtained 
from the mercaptide nitrite of thiocarbanilide. The reaction prob- 
ably takes place as shown below : 

NHPh-C(:NPIi)-S(HgNO,,)<^® CEtjI'SEtl-Hgl. 

The interaction of mercaptide nitrites of thiocarbanilide alkyl 
ethers and alkyl iodide takes place as follows : 

NKPh-C(:NPh)-S-HgN 03 

Hgl E' IdgI E' 

NEPh'C{:NPh)-S S-C(:NPh)’NEPh ->E'-S SR' . 

i I II 

II II 


M 
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Experimental. 

Interaction of the Potassium Salt of ^~Thiol'24hio-^-'phenyl~2\'^. 
dihydro-X'.Z'A-thiodidzole and Mercuric Nitrite: Formation 
of the corresponding Mercaptide Nitrite, 

^g__g>C-SHgNO,. 

The mercury salt was obtained sometimes anhydrous, but often 
combined with three, five, or eight molecules of water, the degree 
of hydration evidently depending on the dilution of the reacting 
substances. They all evolved nitrous fumes when treated with 
hydrochloric acid : 

0-2724 gave 0T187 Hg. Hg = 43-59. 

0-1100 „ 0-0810 CO 2 and 0-0187 HgO. C-20’08; H = l-89. 

. 0-1420 „ 10-2 c.c. Ng at 25® and 760 mm. N — S'lO. 

CgHsO^NgSsHg requires Hg=42-46; C = 20'38; H-1-06; N = 892 
per cent. 

The above with 3 H 2 O : 

Found: Hg-38-05j C = 18-28; H = 3-29; N-8-30; S = 18-5G. 
Calc.: Hg-38-09; C = 18-29; H-2-1; N = 8 00; 8 = 18-29 per 
cent. 

The compound with 5 H 2 O : 

Found: Hgi=35-75; C=16-92; E = 3-20. 

Calc.: IIg = 35-65; C=:17-12; H = 2-67 per cent. 

The compound with SH^O : 

Found: Hg=32-10; C = 15-10; H = 3'56; N = 6-16; 8 = 15-08. 
Calc.: Hg = 32'52; C=15-63; H = 3-41; N = 6-83; 8 = 15-61 per 
cent. 


Mercuric Nitrite and Phenyl Mercaptan. 

Three different compounds have been isolated in this case. 
When an alcoholic solution of phenyl mercaptan is added slowly 
to an excess of mercuric nitrite solution, the reaction takes the 
ordinary course, and the mercaptide nitrite, PhS’HgNO^, is mainly 
formed. It is a du’V yellow, light granular powder, and is a true 
nitrite. When, however, the mercaptan is rapidly added in excess, 
the whole of the mixture assumes a dirty yellow colour and nitrous 
fumes are evolved. On keeping, a white, granular powder is 
obtained which, when crystallised from hot benzene until quite 
pure, melts sharply at 146®. Under slightly varying conditions, an 
oxy-compouud, {3PhS,HgO)2, is formed. As is evident, it is not 
easy to control the reaction so as to give one product to the ex- 
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elusion of the others. The mercaptide nitrite is always found to 
be admixed with the other products of this reaction. 

The mercaptide nitrite gave different results of analysis on 
different occasions, depending on the proportion of the compound, 
PhjSsHg, admixed with it; generally, however, the values were 
found to be intermediate between those required for the pure 
niaterial and the compound, PhgSgHg. 

The compound, Ph^SgHg, melting at 146°, gave the following 
results : 

0’1942 gave 0-0864 Hg and 0-3134 BaS 04 . Hg-44-48- 
8=22-16. 

0-0964 gave 0-116 CO. and 0-0230 HgO. C=32-17; H = 2-7. 

CjoHjoSsHg requires Hg = 44-44; 8 = 21-30; C = 32-00; H=2-30 
per cent. 

The compound, (3PhS,HgO)2, gave the following results: 

0-4016 gave 0-1506 Hg. Hg = 37-50. 

0-43^ „ 0-5620 BaSO^. 8 = 17*82. 

0-1230 „ 0-1886 COg. C=41-81. 

CjgHgjjOaSflHgg requires Hg=38'02; 8 = 18-25; 0 = 41*07 per cent. 

The above two compounds were proved to be non-nitrogen ous by 
combustion analysis. 


Mtrcunc Nitrite and Z-Phenyl-h-methyl-%thiahydantoin : 

CO“NPh 

Formation of the Compound, i ^ >C-S'Hi^NO„,2HoO. 
The compound was greenish-grey: 

0-1981 gave 00954 HgS and 0-1110 BaS 04 . Hg = 41-51; 
8 = 7-69. 

0*1774 gave 0*1586 CO^ and 0 0582 EgO. C=24-.38; 11 = 3-65, 
0*2836 „ 20-8 c.c. No at 30° and 760 mm. N = 8-i0. 

CnjHigO^NjSHg requires Hg = 41-07; 8 = 6-57; 0 = 24-64; H = 2-67; 
N = 8*63 per cent. 


P ot ential Mercaptans, 

Mercuric Nitrite and Phenylthiocarbamide : Formation of the 
Compound, NHPh-C(: 

Tliis was deep yellow : 

0-3513 ^V6 0-2350 Hg and 0-1227 BaSOj. Hg = 66-9; 8 = 4-8. 
0-3015 ,, 11'4 c.c. No at 26'^ and 760 m-m. N = 6-40. 

requires Hg=65-25; 8 = 5-22; N = 6-85 per cent. 
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Mercuric Nitrite and ^-Diphenylthiocarhamide : Formation of ih^ 
Compound, NHPh-C(;NPh)-S(HgNOj)<^^' . 

This was a brownish-yellow, granular powder: 

0*3422 gave 0-1970 Hg and 0*1069 BaS04. Hg~57-57; S = 4-64. 
0*3970 „ 0-1141 CO, and 0-0244 H.O. C = 22-27; H-TOl 

CjgHiiOgNjjSHgo requires Hg- 58-07; S-4’64; 0^22-64; H^VGO 
per cent. 

The above compound is only rarely formed. The product gener- 
ally obtained conforms to the formula 

Hg[NPh-C(:NPh)-S-HgNO.J,: 

0 1555 gave 0 0947 HgS and 0-0741 BaSO^. Hg = 52-51; 
8-6*55. 

0-2275 gave 0*1367 HgS and 0*0992 BaS04. Hg— 51‘80; 
S-5-99. 

C2gH2Q04NgS2Hg3 requires Hg — 52-43; S — 5-59 per cent. 


Mercuric Nitrite and Thiosemicarbazide : Formation of the 
Compound, Hg[N(NH2)-C(:NH)-S-HgN02].3. 

An aqueous solution of the thio-compound was used. The pro- 
duct was a dull yellow, granular powder : 

0-2715 gave 0’1870 HgS and 0-1362 BaSO^. Hg-68-87; 
S-6-89. 

0-1032 gave 11'8 c.c. N, at 32° and 760 mm, N — 12-60. 
C,H604NgS2Hg3 requires Hg- 68*96; S-7-36; N- 12*87 per cent. 


Mercuric Nitrite and Di plicnyUhioscmi carh azide : Formaiion of 
the Compound, Hg[N(NHPh)-C(:NPh)-S-HgNOj3. 

This is an orange-yellow, granular powder; 

0*1797 gave 0-092u Hg. Hg~5r48, 

0-2577 „ 0-2498 CO.3 and 0-0523 H.2O. C -26*21 ; H = 2-2o. 

0-1380 „ 11-7 c.c. N3 at 32° and 760 mm. N = 9-38. 

CocHs^O^NgSgHgg requires Hg-5M1; 0 = 28*57; H = l-87; 

]s 7 = 9*54 per cent. 
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llercut^ic Nitrite and Dipkenylthiocarhazide : Formnfioti of the 
Compound, Hg[N(NHPh)-C(:N-NHPh)-S-HgNOJ.,. 

This is a pink, granular powder : 

0 1667 gave 0’0965 HgS and 0-0607 BaSO^. Hg = 40-91; 
S = 5-00. 

0-1463 gave 0-U04 CO^ and 0'0327 H^O. C = 26’14; H-2-48. 
01167 ,, U'7 c.c. N 2 ai 30° and 760 mm. N = 11-26. 

C.>oH. 2 A^A^&a requires Hg=49-83; S = 5-31; C = 25 91; 

H — 1'82; N = 11’62 per cent 


Nitrite and Fhenylhydrazine Phenyldiihiocarhazinate : 
I'urmation of the 

NHPh-N:C(SHgNO,)'S(HgNOj)<^^. 

This is a blackish^violet, granular powder: 

0-1971 gave 0-1549 HgS and 0‘1031 BaSO^. Hg = 67'71; 

S=7-18. . 

0-1651 gave 8-5 c.c, N .2 at 27° and 760 mm. N = 5'89. 
tHgOjN^SoHgg requires Hg = 67'40; S=7-19; N = 6-30; C=9’44 
per cent. 

The same compound is formed by the interaction of mercuric 
itrite and potassium phenyldithiocarbazinate. (Found: Hg= 
7'97j G=9‘24; H = 0-98; N = 5-88 per cent.) 


J/crc»Wc Nitrite and Thiocarhanilide Methyl Ether: Formation 
of the Coinponnd, NMePh>C(:NPh)‘S-HgN02. 

This is an orange -yellow, granular powder : 

0-2801 gave 0-1038 Hg. Hg = 39'86. 

0-2377 „ 0-3027 CO. and 0-0738 H.O. C = 34-70 ; 11 = 3-45. 

0'2863 ,, 22-0 c.c. N. at 29° and 760 mm. N = 8-99. 

Cj^HigO^NgSHg requires Hg = 40'90; 0 = 34*50; H = 2-67; 
N= 8-86 per cent 


Mercuric Nitrite and Thiocarhanilide Ethyl Ether: Formaiioh 
of the Compound, NEtPli‘C(:NPli)-S-IIgN02. 

The substance is an orange-yellow, granular powder : 

0-3730 gave 0-1478 Hg and 0'1874 BaSO*. Hg=39-63; 8=6*91. 
0-1232 „ 9-4 c.c. N 2 at 32° and 760 mm. N=8‘43. 

requires Hg = 39-92; S = 6‘39; N = 8-38 per cent 
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Mercuric Nitrite and h-Methylthiol’2’tMo-^-'phenyl-'l\i.Ai 
1:3: i-ihiodiazde : Formation of the Compound ^ 
NPh'NMp ’ 

^glls>C(lJg^0„yS-BgN0„8Bfi. 

A clear solution of the thio-compound in ciloroforin 
WgoroMsiY a^ifated with mercuric nitrite solution for nearly lajj 
an hour, when an emulsion was formed which, after being allowed 
to remain overnight, gave a cream-coloured, granular mass: 
0’1984 gave O' 1055 HgS and 0'1384 BaSO^. Hg=^ 45 - 85 . 
S-9'58, 

0-1879 gave 0 0884 COg and 0*0296 H 2 O. C=12'83; H = 1 -T 5 . 
0'1603 „ 10*2 c.c. Ng at 30° and 760 mm. 17=7*03. 

CjHgjOjoJTiSgHgg requires Hg=45'67; S~10'96; C=I2'33; 
H=0'91; N=6'39 per cent. 


Mercuric Nitrite and %ThiQ-Z~phenyl-2:'i‘dihydroA\Z\i4hio- 
diazole Disulphide : Formation of the Compound j 




^S'CS 
^ 0 , ligNOg 


(compare T., 1916, 109, 133): 

0*2940 gave 0*1288 Hg. Hg=43'80. 

0*1190 „ 9-00 c.c. Ng at 30° and 760 mm. N = 8*35. 

CjeHioOgNeSgHgg requires Hg= 41*75; N=8*77 per cent. 


Reaction with the Alkyl Iodides. 

Interaction of the Mercaptide Nitrite of h-Thiol-24hio-Z-phcny\- 
9i'.Z-dihydTO~\'.Z:4.4hiQdiazole and Methyl Iodide: Fotmaiion 
of the Compound, 

Hgl Me 

NMeg-NMe-CMeg-S SMe . 

i i 

The method of procedure is exactly the same as in the inter- 
action of simple mercury mercaptide nitrites and the alkyl iodides. 
After heating with methyl iodide under reflux, a portion was left 
undissolved, which, when purified by washing several times with 
acetone, melted sharply at 127°. The portion soluble in acetone 
was purified by precipitation with ether, and melted at 107°: 
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0*3129 gave O'OSll Hg. Hg= 25*92. 

0-4107 „ 0*1066 Hg and 0*3718 AgL Hg = 25-96- I = 48-7‘> 
0*0844 ,, 0*0363 CO2 and 0*0237 H2 O. C=11*73/h = 2*45"' 
CAiNgljSgHg requires Hg=25-32; 1 = 48*23; C=12*15" 

H = 2-66 per cent. 

The compound insoluble in acetone has the formula 
HgT Me 

NM6Ph*N:CMe*8 SMe , 

I I 

I I 

0*1867 gave 0*0449 Hg, 0*1527 Agl, and 0*0870 BaSO 
Hg-25*96; 1 = 48*93; S = 6*40. 

0*1070 gave 0*0590 COg and 0*0734 HgO. C = 15 06; H = l*39. 
0*1227 „ 4*2 c.c. N2 at 35° and 760 mm, N=3*7. 
CiiHiyNJsSgHg requires Hg = 24*33; 1 = 46*35; S = 7*79; 

C= 16*06; H~2*87; N = 3*4 per cent. 


Interaction of the above Mercaptide Nitrite and Ethyl Iodide: 
Formation of the Compound, 

Hgl Et 

NEtj-N:CEt’S SEt. 

i i 

(in. p. 73—74°). 

0*2316 gave 0*0572 Hg, 0*1960 Agl, and 0*0972 BaSO^, 
Hg = 24*69; 1 = 45*74; S = 5*77.^ 

0*2564 gave 0*0611 Hg. Hg= 23*83. 

0*1278 „ 0*0703 CO2 and 0*0296 HgO. C = 15*41 ; H = 2*58. 
0*2470 „ 7*8 c.c. Ng at 31° and 760 mm. N = 3*50. 

^nH25l^2l3^Hg requires Hg= 24*09; 1=45*90; S = 7*72; C= 15*90; 
H = 3'07; N = 3‘57 per cent. 


1‘htnyl Mercaptide Nitiite and Methyl Iodide: Formation of the 
Compound, PhMeSgjHglg^Mel, 

The pure substance was obtained by repeated crystallisation, 
and was a dull yellow, crystalline powder melting at 90° : 

0*4616 gave 0*1252 Hg and 0*4353 Agl. Hg = 27*12; 1 = 50*96. 
01131 „ 0*0551 CO2. C = 13*29. 

C'sHiiIggoHg requires Hg = 26*6; 1=50*66; C = 12*77 per cent. 

♦ See footnote^ p, 271. 

M* 
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Phenyl Mercaptide and Ethyl Iodide: Formation of tJic 

Compound^ PhEtS 2 ,Hgl 2 ,EtI (m. p. 59°). 

0-2994 gave 0-0774 Hg and 0-2673 Agl. ng = 25-85; 1=48-24. 
0-1302 „ 0-0740 CO. and 0-0282 H^O. 0 = 15-5; H = P86. 

0„HjJ3S,Hg requires Hg = 25-64; 1=48-84; C = 15-39; H = 192 
per cent. 


Inieradion of the Compound^ Ph.S 3 lIg, and Methyl loduh: 

1 Ph Ph 

K c!. ■ 

Formation of the Com pound, b b-CHg 

III' 

Mgl I I 

The product was an oil which, on stirring, crystallised. It was 
washed several times with acetone, when the colour changed to 
yellowish- white. It was insoluble in acetone, and melted at 
111 — 112 °: 

0-3150 gave 0-0615 Hg, 0-2915 Agl, and 0-2007 BaSO^. 

Hg = 19-53; 1-50-00; S-8-75. 

0-1410 gave 0 0902 CO. and 0-0390 H.O. C = 17-41; H = 3 07. 

requires Hg = 20-24; 1 = 51-42; S = 9-71; C = 17-00; 

H = l-62 per cent. 

It will be noticed that whenever a sulphonium compound con- 
tains phenyl groups, it becomes insoluble in acetone. 


Mercaptide Nitrite of Thiocarb anilide and Ethyl Iodide: 
Formation of the Gompmnd, CEtoI'SEtl'Hgl. 

Ill this case, deep purple, needle-shaped crystals were obtaiiied 
wliich were soluble in acetone : 

0-3083 gave 0-0890 Hg, 0-2920 Agl, and 0-1042 BaSOj 
ng = 28-73; 1 = 51-18; S = 4-64. 

0-1214 gave 0-0552 CO^ and 0:0232 H.A C= 12-04; H=2-12. 
CyHJgSHg requires Hg=28‘09; 1 = 53-51; 8 = 449; C = ll-80; 
H = 2-ll per cent. 


Mercaptide Nitrite of Thiocarhanilide Methyl Ether and Methyl 
Iodide : Formaticm of the Compound, M 6282 , Hgl., Mel. 

The mercaptide nitrite was heated under reflux with inetliyl 
iodide. It was obtained pure by fractional precipitation from a 
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concentrated solution in acetone by adding ether and repeating 
the process five or six times, when a fairly good crop was obtained 
which melted at 160—162°: 

0 3290 gave 0 0791 Hg and 0*3281 Agl. Hg = 29-51; 1 = 53*89 
0-1150 „ 0-0221 CO 2 and 0*0218 H 2 O. 0 = 5*24^ H = 2-1L 

requires Hg = 28*98; 1 = 55-21; C=:5*22; H = l-30 
per cent. 


MercapUde ISitrite of Thiocarlanilidt Ethyl Ether and Ethyl 
Iodide: Eormaiion of the Compound, EtjS.,,ngl 2 ,EtI. 

The procedure was almost the same as in the previous instance. 
On concentrating the acetone solution, a portion crystallised out, 
which was purified by repeated fractional crystallisation; when 
pure, it melted sharply at 111°: 

0-3127 gave 0*0862 Hg and 0*0978 Agl. Hg=27-57; I~5i-46. 
0-0861 „ 0-0327 CO^ and 0*0255 E.O. C-10-37; H:..3-29. 

requires Hg = 27-32; l=52''-05; C = 10*37; 11=3*29 
per cent. 


'l-Thio-2-phen-yl-2 : Z-dihydro-\ : Z:A4hiodiazole Disulphide, Mercuric 
Iodide, and Ethyl Iodide: Formation of the Cojnpound, 

Hgl Et 

l^Ph‘NEtI. ^ 1 I ^ ^N‘NPh 


CS S" 


-c^ I 


I I 

0-3127 gave 0*0512 Ilg, 0*2366 AgT, and 0-302G BaSO^. 

Hg = 16*38; 1 = 40*89; 8 = 13*29.* 

0-1574 gave 0*1066 CO 2 . C = 18*47. 

(yisoNJAHg requires Hg = ir)-45; 1 = 41-75; 8 = 15*75; C = 19'74 
per cent. 


Chemical Laboratoky, 

College or Science, 

University or Calcutta. [Received, Noveynber Hth, 1917.] 


* Owing to the tedious process involved in analysis, the values for sulphur 
and iodine are sometimes too low (compare T., 1910, 109, 135). 


M* 2 
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XXVlII.—TVic 'Reaction between Sodium Chlonda 
Solution and Metallic Magnesium. 

By William Hughes. 

('JoLD aqueous solutions of various salts, including sodium chloride, 
sodium hydrogen carbonate, sodium carbonate, and magnesium 
sulphate, were found to react with magn^ium powder with con- 
siderably more speed than one would expect, since cold water acts 
very slowly on the metal, and solutions of alkali hydroxides not 
at all. 

That the metal slowly dissolves in solutions of its own salts with 
the formation of hydrogen, the hydroxide, or a basic salt, has been 
observed by Kippenberger {Ghem. Zeit., 1895, 19 , 269), Vitali 
(L'Orosi, 1895, 18 , 289), Lemoine (Compt. renti., 1899, 129 , 291), 
Bryant iChem. News^ 1899, 79 , 75), Kahlenberg (/. Amer, Ghem. 
Soc,, 1903, 25 , 380), and Roberts and Brown {ibid.^ 1903, 25 , 801). 

Liberation of the metal together with hydrogen from various 
salt solutions by magnesium has been described by Commaille 
((Umpt. rend., 1866, 63, 556), Clowes and Caven (P., 1897, 13, 
221), Divers (P., 1898, 14, 57), Tommasi {Bull. Soc. chim., 1899, 
[iii], 21, 885), and Faktor {Pharm. Post^ 1905, 38 , 153). 

Lohnstein {ZeiUch. Plektrochem., 1907, 13 , 612) found that the 
action of magnesium on acetic acid was catalysed positively by the 
addition of some salts and negatively by others. 

Knapp {Ghem. News, 1912, 105, 253) found that palladium 
chloride solutions, and Mich ail enko and Mushinsky (/. Pms. Phys. 
Ghem. Soc., 1912, 44, 181) that the water of crystallisation of 
certain salts, were acted on by magnesium with the evolution of 
hydrogen. 


Experimental. 

In the preliminary experiments, it was found that 0*329 gram 
of ordinary maguesium powder and 35*3 c.c. of 27V'-sodium chloride 
solution gave 291*1 c.c, of a gas at the end of a week. The metal 
darkened, and a white, gelatinous solid was disseminated through 
out the liquid. The greyish-black powder slowly changed to a 
compact, white solid, but the reaction was not quite complete at 
the end of seven days. The theoretical yield of hydrogen is 325 c.c. 
at N.T.P. 

One c.c, of the original sodium chloride solution and 1 c.c. of 
the solution which had been acted on by the magnesium gave a 
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titre of 13*62 c.c. and 13-70 c.c. respectively with silver nitrate. 
38*6 C.c. of the gas after absorption for fifteen minutes over freshly 
prepared alkaline pyiogallol measured 37*5 c.c. ^ 

These results were ..taken to indicate that the gas was hydrogen 
only, and it was determined to seek a relation, if any, between the 
rate of evolution of gas and the concentration of the sodium chloride 
solution. 

The method adopt^ was to add known amounts of magnesium 
to the different solutions which had been saturated with hydrogen, 
and to measure the initial velocity of the reaction by readin^^ the 
volume of hydrogen evolved at 25°, without shaking, at short 
intervals for a total period of two or three minutes. 

Magnesium. —A supply of ordinary magnesium powder, appar- 
ently quite bright and free from oxide, was fractionally sifted, anrl 
the portion passing through between sieves of 90 and 60 meshes to 
the inch, respectively, was used. (0-0692 gave 0-3075 M^oP., 0 ,- 
by Gibbs’s method, Mg=97-03. 0-0258 gave 25*4 c.c. ILMry at 
16 - 0 ° and 726 mm.] Mg ^96-45 per cent.) Only traces of 
aluminium and zinc could be detected in the substance. Since the 
phenomena investigated seemed to depend on the nature of the 
solutions and not on the small amounts of impurity in the mao'- 
iiesium, it was considered unnecessary to attempt any purificatioli 
of this reagent. 

Sodium Chloride.- -Common salt was dissolved in distilled water, 
tilferetl, and the solution rendered just alkaline with sodium hydr- 
uxide and filtered again. The slightly alkaline solution was 
evaporated with continual stirring, and the first crop of 
crystals were well drained and kept over concentrated sulphuric 
acid. 

11 Distilled water was redistilled in a glass still which had 
been previously well steamed out. This water was boiled under 
diminished pressure previous to being used. 

Ilj/drogen.—rhk was prepared from zinc and pure sulphuric 
acid, and purified by passing through lead nitrate solution, silver 
nitrate solution, a soda-lime tower, and then a set of sodium hydr- 
oxide bulbs, and stored over water. 

Muitons.— These were made up by weight. The number of 
moleoulea of water to each molecule of sodium chloride is repre- 
sented by c. 

At first the solution— 10 cm. deep— was contained 
in a tesUube, and the hydrogen measured in a nitrometer, the 
oiume being read every fifteen minutes. 

The rate was constant in each case for about five hours. The 
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Fig. 1. 


initial rate was read from the tangent to the curve, and reduced 
to c.c. at N.T.P. per gram of magnesium per hour. 

In the second case, a conical flask was chosen as reaction vessel 
ill order to have a smaller hydrostatic pressure on the magnesium. 
It was fitted with a rubber stopper carrying a delivery tube, A 
(Fig. 1), drawn to a point at the bottom of the flask, for the entry 
of hydrogen, an exit tube, B, which could be closed, and a water 
manometer, C, behind which was fixed a millimetre scale. Selected 
quill tubing was used in making it, and it 
was carefully calibrated with distilled water 
at 25°, and found to be of uniform bore for 
the part calibrated, namely, the length BE, 
1 cm. = 0'1880 c.c. at 25°. Twice distilled 
water saturated with hydrogen was used in 
the manometer. The weighed magnesium 
was floated on a capsule on the solution, the 
volume of which was always 25 c.c., and 
then the air displaced by, and the solution 
saturated with, hydrogen through A and B 
for not less than ten minutes, all beinj: 
immersed in the bath. The apparatus was 
quickly shaken, and simultaneously a stop- 
watch was started. The volumes of hydrogen 
read off every half- or quarter-minute were 
reduced to tabulated (table I), and 

plotted (Fig. 2, curves 1 and 2). The initial 
rate was obtained by drawing the tangent as shown. The kind o! 
induction period at the start is much more pronounced with the 
more concentrated solutions, and is probably due to surface-tension 
effects, chiefly in the manometer. 



Table I. 


= 30. 

l minute 

Mam netcr, 

Hydrogen, 

Tottal 

Hydrogen, 

c.c. 

intervals. 

A (in cm.). 

c.c. 

pressure (corr.). 

corrected. 

0 

0-fi 

0 

— 

0 

1 

0-9 

0T5 

753-9 

0-0256 

0 

1-7 

0-55 

754-4 

0-0941 

ii 

4 

2-3 

0-85 

754-9 

0-1454 

2-9 

M5 

755-3 

0-1969 

:v4 

140 

755-7 

0-2397 


3'8 

1-60 

756-0 

0-2742 

7 

4*2 

1*80 

756-3 

0-3086 

8 

9 

4-5 

1-95 

756-5 

0-3344 

4-8 

2-10 

756-7 

0-3601 

10 

5-1 

2-25 

756-9 

0-3860 
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Table I. {contimied). 


<==38. 

^ minute 

Manometer, 

Hydi’ogcn, 

Total 

Hyihogen, 

c.c. 

intervals. 

A pn cm.). 

c.o. 

pressure (corr.). 

corrected. 

0 

0-36 

0 

— 

0 

1 

0-78 

0-21 

754-0 

l)-0359 

2 

1-40 

U-52 

754-4 

0-0889 

3 

1-98 

0-81 

754-9 

0-1387 

4 

2-48 

1-06 

755-2 

0-1814 


Fig. 2, 



The greatest precautions were taken that the solutions of sodium 
chloride were in each case quite free from acid. Immediately at 
the end of a determination they reacted alkaline. 

The viscosities were determined with an Ostwald viscosimeter, 
the essential precautions being observed (Applebey, T., 1910, 97, 
2000; from the equation 

= V of solution ^ time of flow of solution 

, density of water time of flow of water 
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The densities were determined with a pyknometer, the weighings 
being carried out with a similarly treated counterpoise. These 
were as shown in table II. The curves are plotted in Fig. 

3 and 4. 


Table II. 


Concentration. 



10 

M84 

1-794 


1-090 

1-303 

:{0 

1-068 

1-198 

So 

1-0.58 

M65 

•to 

1-0.51 

1-134 

r)0 

1-041 

1-101 

. 60 

1-034 

1-095 


In table III are given the initial rates for the different coiiueij 
trations of sorlium chloride solutions. 


Table III. 




Pressure, 

Vol., 


Mag- 



Time, Tempera- mra. 

c.e. 


nesium, 



hrs. min. 

ture. 

(corr.) 

(corr.) 

c. 

Gram. 

Rate. 

Remarks. 

13 30 

ir 

762-3 

31-32 

9 

0-0984 

23-5 

First method. 

2 20 

20 

763-9 

11-99 

18 

0-1069 

48-1 


1.5 

22 

766-5 

1-87 

27 

0-0995 

75-1 


1 20 

25 

758-7 

8-32 

45 

0-1004 

62-2 


16 

24 

758-3 

2-29 

35 

00985 

87-3 


15 

22-5 

766-1 

2-42 

40 

0-1004 

96-5 


15 

2.3 

767-1 

1-58 

44 

0-1018 

62-2 


16 

23 

768-3 

1-87 

39 

0-0977 

71-6 


4 

25 

749-5 

0-72 

30 

01165 

93-1) 


7 

25 

749-8 

0-18 

30 

0-0333 

46-6 

Method not ac- 

3 

24-1 

749-9 

0-45 

30 

0-1798 

SO-4 

o 

19-2 

749-2 

0-51 

30 

0-1513 

100-5 

curate enough. 

1-5 

20 

749-2 

0-.37 

30 

0-1184 

124-1 j 


0-5 

25 

749-4 

749-4 

0-0425 

0-0710 

30 

30 

0-0840 

0-1367 

60-7 

64-3 

Second method 

” 

’[ 

7.50-5 

0-0683 

30 

0-1248 

62-3 

Better agreement. 



752-8 

0-03845 

10 

0-1590 

29-0 


- ,, 


752-9 

0-0684 

20 

0-1531 

52-1 




753-2 

00479 

30 

0-1062 

64-2 




754-8 

0-0944 

35 

0-1702 

66-6 




752^9 

0-0684 

40 

0-1216 

67*5 


0-25 


752-3 

00342 

50 

0-1507 

54-4 

Quarter minute 








intervals. 



757-0 

0-0417 

60 

0.1343 

74-6 


0-.5 


753-4 

0-0135 

32 

0*0955 

17-0 

Metal wetted ac- 








cidentally during 
bubbling ie 
hydrogen. 

0-25 


753-4 

0-0513 

34 

0*1767 

69-7 




75.3-4 

0-0531 

36 

0-1940 

65-7 




753-4 

0-0464 

38 

0-1478 

73-6 




754-8 

0-0343 

45 

0-1412 

59-5 




754-8 

0-0411 

65 

0-1518 

65-0 




7.54-8 

0-0411 

65 

0-1681 

62-4 




754-7 

0-0386 

75 

0-1602 

61-6 




755-2 

0-0429 

100 

0-1722 

59-7 




750-6 

0-0148 

CO 

0-1969 

18-0 

Water only 
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These rates are plotted against concentrations in curve 5. The 
arrow indicates the rate for water (c=co ), and the crosses denote 
values obtained with the nitrometer. 

EesidU, 

No great accuracy can be claimed for the numerical values, 
cliiefly because the assumption that the total area of equal weights 
of the sifted magnesium is constant is only approximately true. 
However, it is evident that curve 5 passes through a maximum at 
also the surface density of water molecules in contact with 
magnesium (neglecting surface concentration effects) is given by 
+ where is the molar weight of water, if, that 

of sodium chloride, and p the density of the solution. Values of 
this expression (=cr) have been found for various concentrations 
atid then plotted against the corresponding rates in curve 6. This 
passes through a maximum for (r = 0‘1426 about, or c = 37. One 
would expect a maximum rate for c = ^ —pure water, since then 
the magnesium surface would be apparently open to attack by a 
denser population of water molecules. Again, the values of the 
viscosity, hydrostatic pressure, and surface tension (Forch, Ann. 
I'hy&ik^ 1905, [iv], 17 , 744) are each greater for c = 32 than for 
weaker solutions, so it seems that the maximum at c=^32 is not 
due to any special ease of expulsion of gas through the solution. 
Further, the specific conductivity of sodium chloride solutions 
steadily increases to a maximum at the saturation point, so that 
at c=32 the conductivity is not best suited for electrolytic action 
of impurities in the magnesium to take place. 

ConcluBiom. 

(1) Both alkaline and neutral salts positively catalyse the reac- 
tion between ordinary magnesium and purified water at the 
ordinary temperature. 

(2) With sodium chloride solutions, the rate of evolution of 
hydrogen depends on the concentration, the differences being easily 
detected by the eye. The initial rates for approximately equal 
areas of magnesium in contact with different wncentrations of 
i^odium chloride solutions have been measured, and a maximum 
has been found for a solution of 32 molecules of water per molecule 
of sodium chloride. 

(3) It is considered that the existence of this maximum points to 
a specific effect of the dissolved sodium chloride on the water. 

Bedford Modern School, 

Bedford. {Received, October 23rd, 1918.] 
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XXIX . — The Theory of Duplex Affinity, 

By Samqel Henry Clifford Briggs. 

In a former paper (T., 1908, 93 , 1564) it was shown how the 
old conception of duplex affinity can be applied in devising con- 
stitutional formulse for complex inorganic compounds. In a sub- 
sequent paper (ibid., 1917, 111, 253), the theory of duplex affinity 
was treated from the point of view of the electrical structure of 
matter. It was assumed that every element is able to exert both 
positive and negative affinity, positive affinity being a tendency 
to lose electrons and negative affinity a tendency to attract 
electrons. A further distinction was made between primary and 
secondary affinity, the secondary affinity being opposite in sign to 
the primary affinity, and only coming into action after the primaiy 
affinity has been satisfied. By means of these assumptions, it was 
possible to correlate a number of apparently disconnected pheno- 
mena, including the structure and stability of complex compounds, 
the strength of acids and bases, polymerisation, etc. 

The present communication is concerned more particularly with 
secondary affinity, and some conclusions have been reached which 
have made it possible to apply the theory of duplex affinity in 
several new directions. 


Seco/idari/ Negative Affinity/ and Stcondary Podtive Affinitij, 

As in the previous paper (T., 1917, 111, 253), Lodge’s view 
(Nature, 1904, 70 , 176) that the electrons in an atom are bound 
to the positive charge, not by a single line of attraction or elastic 
thread, but by a bundle of a very large number of lines of force, 
is adopted. For the sake of simplicity, it is supposed that the 
atoms are spheres, although this is not an essential feature of the 
general argument. The volumes of the atomic spheres are 
assumed to be directly proportional to the so-called atomic volumes 
of the elements. 

The term ^Walency” is used in this paper in a strictly electro- 
chemical sense, in Accordance with Sir J. J. Thomson’s theory 
(Phil. Mag., 1914, [vi], 27 , 757). 

Consider the case of two univalent atoms A and B, which com- 
bine to form a compound A/f as the result of the transfer of an 
electron from A to B, A having positive primary affinity and B 
having negative primary affinity. Owing to the attraction of B 
for the electron, a number of lines of force which united the 
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electrou to the positive nucleus of the atom A are broken. Call 
this number u. Then in the atom B, u lines of force joining 
electrons in the atom B (previous to its combination with A) to 
its positive nucleus will be loosened, as a result of the passage of 
the electron from A W 5, Suppose, now, that the compound AB 
undergoes electrolytic dissociation in solution into the ions A‘ 
and The positive nucleus of the cation A‘ will be able to 
bind u lines of force from electrons in other atoms, that is to say, 
the cation A’ will have negative affinity, and in this way* the 
secondary negative affinity of the element A arises. The electrons 
in the anion B', on the other hand, will have u lines of force 
loosened, and therefore be able to attach themselves to the positive 
nuclei of other atoms. Consequently, the anion B^ has positive 
affinity, which is the secondary positive affinity of the element B. 

Attention must now be directed to a fundamental difference 
between secondary negative affinity and secondary positive 
affinity. According to the modern views on the electrical struc- 
ture of matter, the positive nucleus is situated at the centre of the 
atom, and its spatial dimensions are extremely minute compared 
with the volume of the atom as a whole. As we have seen above, 
however,, secondary negative affinity arises from the power of the 
nucleus to attract lines of force (or electrons). Since the nucleus 
is at the centre and is so exceedingly small, it follows, so far as 
the effect on other atoms is concerned, that secondary negative 
affinity may be regarded as an attractive force distributed equally 
over the surface of the atomic sphere. 

Secondary positive affinity, on the other hand, emanates from 
the outer electrons (valency electrons or mobile coiqjuscles) in the 
atom. The secondary positive affinity cannot therefore be regarded 
as being equally distributed over the atomic sphere, but must be 
confined to certain individual electrons or rings of electrons. In 
other words, secondary negative affinity conforms to Werner's 
theoiy of affinity Neuere Anschauungen auf dem Gebiete dcr 
anorganischen Chemie," 3rd ed., p. 83), whereas secondary positive 
affinity does not. This difference between secondary negative 
affinity and secondary positive affinity appears to be of consider- 
able importance in the building up of inorganic compounds, as 
will be more clearly seen below. 

When the ions A’ and B' combine to form the molecule AB, 
some of the loosened lines of force in B will be attached to the 
positive nucleus of A, as shown by the "ionic formula” 

-^A'*—B’ ^ (T., 1917, 111 , 253). If the number of lines of 

force thus attached is denoted by v, then in the compound AB 
the positive nucleus of A is still able to bind lines of force, 
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whereas the electrons in B have still u-v lines of force loosened 
and capable of attachment to the nuclei of other atoms. 
number u-~v, therefore, represents the unsaturated secondary 
negative affinity of A and , the unsaturated secondary positive 
affinity of B, indicated by the dotted arrows in the '‘atomic 

formula” ^ and in the "ionic formula" 

(T., 1917, 111 , 253).* 


Influence of Atomic Volume. 

Since the secondary negative affinity is distributed equally over 
the surface of the atomic sphere, it follows that when the atomic 
volume is large, v will be correspondingly small and Ur-v propor- 
tionately large (see p. 286). When the compound AB is dissolved 
in a dissociating medium, such as water, the molecules of the 
solvent combine with A and B by means of the unsaturated 
secondary affinity, thereby bringing about dissociation into the ioii> 
.r and B^ (compare T., 1908, 93, 1564). Therefore, if u^v is 
large, AB will be a strong electrolyte. As shown above, however. 
■a-v is large when the atomic volume of A is large, and this is the 
reason why the salts of the alkali metals are the strongest electro- 
lytes. ♦ 

On the other hand, although when the atomic volume of A is 
large the total unsaturated affinity is correspondingly large, never- 
theless the intensity of the affinity per unit area of the atomic 
sphere varies inversely as the square of the radius, and is there- 
fore large when the atomic volume of A is small. Consequently, 
the molecular compounds {nM . A)B, formed by satisfying the free 
secondary negative affinity of A by the free secondary positive 
affinity of n molecules of a compound M (such as ammonia or 
water) (T., 1917, 111, 253), will he most clearly defined and stable 

* Three types of combination are distinguished; (1) Combination due td 
primary affinity only, as in the formula * A B the passage of the 
electron from A to B being indicated by the thick arrow pointing from A to B. 
(2) Combination due to secondary affinity only as seen in molecular com- 
pounds, such as 2H;,U — ► CuCl, the union of the electrons in the nitrogen 
atom to the positive nucleus of the copper atom being indicated by the thin 
arrow pointing from nit ogen to copper. (3) Combination due to both primary 
and secondary affinity as in the non-polar compound A B. 

It should be noted that the formulae - A B — and A:^B represent 
the limiting oases of the strongest possible electrolyte and the truly non-polar 
compound respectively. Most compounds will come in between the two 
formulae. A compound of intennodiate properties might therefor© be 
written A "Zl B -*, but it is often convenient to write it as a compound 
of charged ions rather than of atoms, and in this way the “ionic formula” 
— *> A* •* — B' — ►is derived. 
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ffhen the volume of A is small. As a matter of fact, those 
elements which form the most stable complex compounds are all 
.found in the depressions of the atomic volume curve (chromium, 
manganese, iron, cobalt, nickel, copper, zinc, ruthenium, palladium, 
rhodium, silver, osmium, platinum, iridium, and gold) (see also 
the work of Ephraim on the effect of the atomic volume of the 
central atom on the stability of metal-ammonia compounds, 

1912, 45, 1322). 

Conversely, the same reasoning elucidates the somewhat contra- 
dictory phenomenon that many of the salts of the alkali metals 
which are readily soluble in water separate from solution in the 
anhydrous state. These salts dissolve readily, because of the large 
value of vr-v. They do not give stable hydrates, because of the 
small intensity of the afl&nity per unit area of the atomic sphere 
which results from the large atomic volume of the alkali metals. 


Notirpolar Compounds, 

If the two ions A* and were to combine in such a way that 
the secondary affinities completely saturated each other, then the 
electron would be pulled back into A and the atoms would be 
held in combination by means of two equal bundles of lines of 
force, one passing from the nucleus of A to the electrons of if, and 
the other from the nucleus of B to the electrons in A . That is to 
say, AB would be a non-polar compound, as shown by the formula 

The conception of secondary negative affinity developed above 
(p, 279) leads to the following conclusions with regard to the con- 
ditions for the formation of non-polar compounds in those cases 
in which the valency of the element A with primary positive affinity 
is fully saturated. The conclusions do not, however, apply when 
.1 is not exerting its full valency, as the mobile corpuscles still 
remaining on A introduce complications. 

The compounds to be considered, therefore, are those represented 
by the formula ABx, in which x varies from 1 to 8 when 5 is a 
univalent atom. 

When x — \, the secondary negative affinity of A is only partly 
saturated, as already explained (p. 280), because only a part of 
the spherical surface of A comes under the influence of 5. If 
r' = 2, and A is therefore united to two atoms of /f, a larger part 
of the spherical surface of A is affected, and in general as x in- 
creases, more and more of the spherical surface of A is brought 
under the influence of B. Hence as x increases, the tendency of 
AB^ to undergo electrolytic dissociation decreases (see p. 280). 
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The salts of the metals in the earlier groups of the periodic tab!? 
are therefore the strongest electrolytes, and the electrolytic proper- 
ties become less marked in the compounds of the metals with higher 
valency (when they are exerting their full valency). 

If, however, AB^ is to be a truly non-polar compound, the 
secondary negative affinity of A , which is distributed equally over 
the surface of the atomic sphere, must be completely saturate.!, 
and the optimum condition for such complete saturation will be 
reached when the atoms of B are symmetrically distributed in 
space around the spherical surface of A. 

Since the maxim iiin valency is 8, the number of cases of sym- 
metrical distribution is strictly limited. If B is univalent, x may 
be 4, 6, or 8, when the atoms of B will be distributed around the 
snherical surface of A at the corners of a regular tetrahedron, a 
regular o(“tahedron, and a cube respectively. If B is bivalent, the 
only possible case is when the B atoms are situated at the 

corners of a regular tetrahedron. We should therefore expect ti: 
find the non-polar properties most strongly marked in compoulld^ 
having the formulse AB^, AB^j, and A Bg when B is univalent, and 
AB^ when B is bivalent. 

Since the forces between the molecules of non-polar compound^ 
are small (Thomson, loc. cit., p. 760), such compounds, in addition 
to their inability to undergo electrolytic dissociation, will also be 
comparatively volatile and more or less inert. There are several 
striking instances of compounds with these characteristics in the 
four classes of substances under discussion. 

In the group AB^ we have the typically non-polar compounds 
methane and carbon tetrachloride. 

The formula ABq is represented by the gaseous sulphur hexa- 
fluoride, SF(.„ which is almost as inert as nitrogen (Moissan an! 
Lebeau, Comp, rend., 1900, 130 , 865, 984; Berthelot, Ann. Ghitn. 
Fhys., 1900, [vii], 21 , 20.5), and by the gaseous tungsten hexa- 
fluoride (Ruff and Eisner, Ber., 1905, 38 , 742), WFg. 

Only one compound of the formula A Bg has hitherto been pre- 
pared. This is osmium octafluoride (Ruff and Tschirsch, Ber., 
1913, 46 , 929), which boils below 50°, and is a highly stable 
although reactive substance. 

The class AB^, in which B is bivalent, includes the remarkable 
tetroxides of ruthenium and osmium, RuO^ and OsO^. These com- 
pounds both boil at about 100°, and are so completely saturated 
that they are incapable of combination with alkali hydroxide?. 
Indeed, osmium tetroxide can be distilled off from its solution to 
which an alkali has been added (compare Ostwald, ” The Principles? 
of Inorganic Chemistry,” p. 757). 
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Although symmetry of structure is thus often associated with, 
and conduces to, non-polarity, it does not follow that all aym- 
metrical compounds will be without polarity, as other factors, such 
as the relative atomic volumes of A and B, will also exert an 
influence. 

Conversely, when A is not exerting its full valency, non- polar 
combination is possible in substances which are not spatially sym- 
metrical. Thus, according to Thomson (/or. cit.}, carbon monoxide 
and nitrous oxide are noii-po!ar compounds. 

Other examples given by Thomson bring out the relationship 
between symmetry and iiou-polarity in another way. Although 
both carbon tetrachloride, CCI4, and methane, CII4, are truly non- 
polar, nevertheless chloroform, CHCl.^, and methyl chloride, CII3CI, 
are polar compounds. 


lOrner's Co-w'clina(ia?i A'umtjen and the Co-ordination F omnia. 

Suppose the cation A' combines with n molecules of a com- 
pound M possessing free secondary positive affinity, such as 
anunonia or water, to give the complex ion Here also 

the conditions for maximum saturation of the secondary negative 
affinity of .4 will involve spatial symmetry in precisely the same 
way as was seen to apply in the formation of uon-polar compounds. 
The maximum value oi n should therefore be either 4, 6, or 8, 
according to the relative volumes of the atom A and the molecule 
3/ ; but the maximum value of n is the maximum co-ordination 
miniber of the element A, and Werner {loe. clt.^ p, 52) has shown 
that this is either 4, 6, or 8. It would appear, also, that the geo- 
metrical relationship existing between the volumes of the central 
atom A and the molecule M is of more importance than the 
intensity of the affinity in determining the value of the co-ordina- 
tion number. We find, for example, that barium, with a com- 
paratively Urge atomic volume, has the maximum co-ordination 
number 8, as seen in the compound, (Ba8NH3)Cl2, whereas cobalt, 
with a much smaller atomic volume, has the maximum co-ordina- 
tion number 6 in the compound (Co6NH3)Cl;,; in spite of the fact 
that cobaltic salts have a much greater tendency to combine with 
ammonia than is shown by barium salts. Similarly, boron, with a 
very small atomic volume, has the maximum co-ordination number 
4 in the compound (BF4)H. 

Attention must now be directed to the limiting case in which 
the secondary negative affinity of A is comjileiehj saturated by the 
free positive affinity of 3f, giving the complex ion {nM .A)' . In 
what way will the anion combine with this complex cation to 



284 


BRIGOS: THE THEORY OF DUPLEX AFFINITY. 


give the molecule (nM . ? In discussing this question, we may 

suppose that if is a molecule of ammonia. In the former papers 
(T., 1908, 93 , 1564; 1917, 111 , 253), ammonia was written 


— N— H. 

—II 

This formula was derived from the facts (1) that the hydrogen 
atoms do not undergo electrolytic dissociation in solution in water, 
and therefore have both primary and secondary affinity saturated, 
and (2) that the nitrogen atom has free secondary positive affinity, 
as shown by the ease with which ammonia molecules can combine 
with the free secondary negative affinity of metals in their salts to 
give metal-ammonia compounds. From the reasoning developed 
above, however (p. 280), it is clear that this formula for ammonia, 
although correct so far as it goes, is not quite complete, because if 
the nitrogen atom still has u~v lines of force loosened, as expressed 
by the dotted arrow, then each hydrogen atom must be able to 

bind liues of force to its nucleus. In other words, each 


hydrogen atom has still a little free secondary negative affinity. 
Since, however, the free secondary positive affinity in the ammonia 
molecule is confined to one atom only (the nitrogen atom), it masks 
the free secondary negative affinity which is distributed over the 
three hydrogen atoms. In the general case of a compound 
in which A and B have free secondary affinity, if m is greater than 
7b the molecule A^B^ will react as if it had the free secondary 
affinity of B only. This characteristic will be the more strongly 
marked the greater the difference between m and and it will be 
all the more intensified the greater the volume of .4 (the atom with 
primary positive affinity), and vice versa. Thus we find that 
ammonia, water, and potassium chloride react as if they had free 
secondary positive affinity only in forming complex compounds, 
whereas cupric chloride, ferric chloride, etc., behave Hike substances 
with free secondary negative affinity. 

The complete formula for ammonia should therefore be written 
— 

— 

— If... 


in which each hydrogen atom has a little free secondary negative 
affinity. Returning now to the combination of the complex 
^{(iM .A)' with the anion B^ to give the salt (nU ,A)B, we may 
take the concrete case in which the complex is (Co6NHs)“* and 
the anion is CH, and a^ume that the secondary negative aflhiity 
of the cobalt atom is completely saturated by the free secondary 
positive affinity of the nitrogen in the six molecules of ammonia. 
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The only possible way in which the chloride ions can unite with 
the complex to give the salt (Co 6 NH 3 )Cl 3 ia by the saturation of 
the free secondary negatdye affinity of the eighteen hydrogen atoms 
by the positive affinity of the chlorine ions. This gives Werner’s 
co-ordination formula (Co 6 NH 3 )Cl 3 exactly, in which, according to 
Werner’s phraseology, the chlorine atoms are united to the outer 
sphere of the complex. 

It should he carefully noted, however, that the co-ordination 
formula only applies to the limiting case in w’hich the secondary 
negative affinity of A is completely saturated by nM in the com- 
plex {nM .Ay , If this saturation is not complete, then the posi- 
tive nucleus of A will exert an attraction on the electrons in B 
as shown by the ^'ionic formula” nM—*A'^B' * (T., 1917, 111, 
260). A familiar example is seen in aquopentammine cobaltic 

( 5NII \ 

which changes spontaneously into chloro- 
pentammine cobaltic chloride, Unless the cobalt 


atom exerts a direct attraction on the chlorine atoms, as shown by 
5NH — > 

the formula Hgd- it is impossible to understand 

this spontaneous change. 


Application, of the Theory of Duplex Affinity to Oxygen 
Compound Si, 

In the former papers iloc. most of the examples considered 
were halogen compounds. The development of the theory of 
secondary negative affinity in the present communication has made 
it possible to study oxygen compounds from the point of view of 
duplex affinity in such a way as to bring out some general relation- 
ships which are not touched on by other theories of affinity and 
valency. 

Take the base of a metal, M, which forms a series of oxides, 
MO, MOg, MOg, MO 4 . In the oxide MO, in which the oxygen 
atom has received two electrons from the atom M, only part of the 
atomic sphere of M will come under the influence of the oxygen 
atom. Hence the secondary affinity of both atoms will be partly 
unsaturated, and the formula will be 

^ JL 

• Instead of denoting the passage of two electrons by two tliick arrows 
M 0, it is more convenient to write one arrow only, with a small figure 
above to express tho number of electrons which it represents, for example, 

M 0. 
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When MO is oxidised to give MO.,, a greater part of the spherical 
surface of M will come under the influence of the oxygen atoms, 
and the saturation of the secondary affinity will be more complete 
than in the first oxide, MO. This will apply still more in MO3, 
and most of all in MO^, in which the oxygen atoms are distributed 
symmetrically in space around M. In MO4 We therefore have the 
possibility of complete saturation of the secondary affinity with 
the production of a non -polar compound. The oxides OSO4 and 
RUO4, referred to above (p- 282 ), appear to approximate closely 
to this condition. The four oxides should therefore be written 
(assuming that MO4 is non-polar) : 

- > M^O^. 

It may perhaps be better to write the non-polar oxide 
s 

rather than as the electrons will not have left the M atom 

in this case. 

It should be carefully noted that, since the secondary affinity 
of M is increased by each addition of an oxygen atom, the satura 
tion of the secondary affinity of the first oxygen atom becomes 
more complete as oxidation proceeds, because, the secondary 
affinity of M being distributed equally over the surface of the 
atomic sphere, the intensity of the affinity present on that part of 
the spherical surface which comes under the influence of the first 
oxygen atom will increase with increase in the number of oxygen 
atoms combined. The free secondary affinity of the first oxygen 
atom will therefore decrease with increasing oxidation of M until 
in the final, non-polar stage the secondary affinity of the first 
oxygen atom will be completely saturated. The same reasoning 
applies, of course, to all the other oxygen atoms as well. 

The Hj/draiion of Oxides . — When potassium oxide and water are 
brought together, there are two ways in which combination may 
occur. The strongly marked, free secondary positive affinity of 
the oxygen atom in the potassium oxide may attract the hydrogen 
atoms of the water, which have slight, un satura ted secondary 
negative affinity, or the unsaturated secondary negative affinity of 
the potassium may combine with the slight, free secondary positive 
affinity of the oxygen atom in the water molecule. We may 
therefore obtain 

H2O > or -H.O—KgO > 

Q 

or perhaps a ring structure ^ potassium, u-v is large, 

owing to the large atomic volume of potassium (see p. 280 ), and 
therefore the unsaturated secondary affinities of the potassiuie 
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atoms and the oxygen atoms are large. In water, on the other 
hard, is small (as seen from the very slight extent to which it 
is dissociated into hydrogen and hydroxyl ions) ; hence the un- 
saturated secondary affinities of the hydrogen atoms and the oxygen 
atom are small. In each of the three fonnulse for KoO,H>0 we 
consequently have the two potassium atoms electrically equal, the 
hydrogen atoms electrically equivalent, but the two oxygen 
atoms very different from each other. The tendency will be for 
{he affinities to be redistributed in such a way as to make the two 
oxygen atoms also electrically equal, and we therefore have the 
change ^ 2KOH. Similar considerations will apply to 

the hydration of other oxides. 

Baus and Acids, — ^When an oxide is hydrated, the ])roduct may 
he either a base or an acid, according to the manner in which it 
undergoes electrolytic dissociation in solution. If MOII were a 
base of the strongest possible type, the formula would be written 
a? (I), and if it were the strongest possible type of acid, as (TI) 
(T., 1917, 111 , 253). 

(I.) (II.) 

It has already been shown (p. 286) that increase in the number 
of oxygen atoms implies a more complete saturation of the 
secondary affinity of all the oxygen atoms already present in the 
oxide (anhydrous or hydrated). As the secondary affinity of the 
oxygen atom of the hydroxyl group becomes more completely 
saturated by the secondary affinity of M, there is less affinity left 
to saturate the secondary affinity of the hydrogen of the hydroxyl 
group, and the free secondary affinity of the hydrogen therefore 
increases. Consequently, the tendency of the hydrogen atom to 
be electrolytic ally dissociated becomes greater, and the structure 
of the hydroxyl group changes from —►():' (basic) to 

— 0— H<- (acidic), with increase in the number of oxygen atoms 

united to the element M. We therefore have the following general 
rule : 

Mhen a series of oxides of the same element M are hydrated, 
the hydrate of the highest oxide is the strongest acid {or ireakest 

OH 

^o?e). In other words, in a series M^. the greater the value of 

^ the stranger the acidic properties (or the weaker the basic 

properties). 
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This rule appears to hold good throughout the periodic tabl^ 
It is exemplified most clearly in the compounds of the elements in 
the sixth, seventh, and eighth groups, these being the elements 
which exhibit the most numerous stages of oxidation. Xhu? 
ferrous oxide is basic, ferric oxide less basic (as shown by the 
greater ease with which ferric salts are hydrolysed), and iron tri- 
oxide is acidic. The oxides of chromium form a similar series from 
the basic chromous and chromic oxides to the acidic chromium tri- 
oxide. Manganous oxide is basic, manganic oxide less basic, and 
manganese dioxide not definitely basic or acidic, whereas man- 
ganese tri oxide is acidic and dimanganic heptoxide strongly acidic. 

The oxides of chlorine give rise to a series of acids increasing in 
strength from the very weak hypochlorous acid, HOCl, to the strong 
chloric and perchloric acids, HOCIO 2 and HOCIO 3 . Among 
nitrogen compounds, hyponitrous acid is very weak, nitrous acid 
is stronger, and nitric acid is one of the strong^t acids known. 

The fact that ruthenium and osmium tetroxidcs are not acidic, 
although diruthenium heptoxide is strongly acidic, is only an 
apparent exception to the rule. Owing to their highly saturated 
character, as has already been shown (p. 282), these compounds are 
incapable of combination with water, and cannot therefore give 
rise to hydrated oxides. They therefore do not come within the 
.scope of the rule which applies to hydrated oxides only. 


The, Hydrogen Ion and the Catcdytic Activity of Acids. 

From the point of view of the theory of duplex affinity, the 
hydrogen atom is particularly interesting. According to the views 
of van den Broek and others [Ann. Reports, 1913, 10, 271), the 
hydrogen atom is built up of a positive nucleus and one electron 
(compare Allen, T., 1918, 113, 390). Consequently, the hydrogen 
ion H* must consist of a positive nucleus only. The secondary 
negative affinity of the hydrogen ion must therefore be considered 
to be concentrated in a “ point'’ of nuclear dimensions rather than 
distributed over the surface of a (comparatively) very large sphere. 
The conclusions which have been arrived at in the above discussion 
from the consideration of the atomic sphere will therefore not neces- 
sarily apply to hydf'ogen. Thus it is not essential for the produc- 
tion of non-polar compounds that the hydrogen atom should be 
surrounded by negative atoms, as in the cases of sulphur and 
osmium, for example (see p. 282), methane being a typical non- 
polar compound. 

The identity of the hydrogen ion with the positive nucleus of 
the hydrogen atom may perhaps ultimately furnish a rational ex- 
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planation of tie catalytic activity of acids, somewhat on the follow- 
iog lines. ^ 

Take a molecule i— 5 with a tendency to dissociate according 
to the equation + A hydrogen ion (nucleus) if 

brought into contact with such a molecule will attract to itself 
some of the lines of force joining the electrons in A to the positive 
nucleus of 5, or the electrons in B to the positive nucleus of A , 

;riving I / ' 

H 

The bond uniting A to 5 will therefore become weaker, and the 
tendency of to dissociate will be increased. It is consequently 
to be expected that the hydrogen ion will accelerate a chemical 
change which is already taking place, or even induce a change 
which would not otherwise occur. Theoretically speaking, other 
positive ions should act in a similar manner; but since the secondary 
negative affinity of all other elements is distributed over the surface 
of a comparatively very large sphere instead of being concentrated 
in a “point" of nuclear dimension, the catalytic activity of other 
cations will be exceedingly small compared with that of hydrogen 
ions. 

According to the theory of acids developed in the former paper 
(T., 1917, 111, 253), if we neglect unsaturated affinity, the general 
formula for acids may be written H^X. If x is the value of 
the saturated primary affinities and y the value of the saturated 
secondary affinities in the formula H'^X^ y may vary from y-x 
{the weakest possible acid) to y = 0 (the strongest possible acid). 

If we now write the formulse to show the unsaturated affinities, 
the strongest possible acid has the formula (I) and the weakest 
possible acid the formula (II). 

(I.) (n.) 

The formula (I) is the case where v (see p. 279) is vanishingly 
small. Strictly speaking, it is the formula of the dissociated acid 
(i'=0). The unsaturated secondary negative affinity of the 
hydrogen atom in a molecule of the strongest possible acid (I) is 
therefore equal to that of the hydrogen ion itself, and as we pass 
down the series iffirough acids of decreasing strength, the un- 
saturated secondary negative affinity of the hydrogen atom becomes 
less until it vanishes, as seen in formula (II). It therefore follows 
that the undissociated molecule of a very strong acid should also 
®xert catalytic activity, which catalytic activity should decrease 
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with, decreasing strength of the acid, becoming zero in the 
possible acid (II). It has been shown experimentally that % 
undissociated molecule of an acid has catalytic activity, the activity 
diminishing with decreasing strength of the acid (Goldschmidt auf 
Thueseu, Zeitsch. 'phyukal. Chem,, 1912, 81, 39^ Dawson and Powij 
T., 1913, 103, 2135; Dawson and Reiman, ibid., 1915, 107, 1426 
Snethlage, Zeitsch. physikal. Ckem,, 1913, 85, 211), but accordini 
to Dawson and Powis, the activity of the undissociated acid i] 
some cases is much greater than that of the hydrogen ion. j, 
considering this question, it is necessary to take into account th 
effect of solvation. 

According to the theory of duplex affinity, the chief cause o 
electrolytic dissociation is the combination of solute and solvent b 
means of unsaturated secondary affinity (see p. 280). In a solu 
tion of an acid we therefore have the following equilibria: 

Undissociated molecule + solvent solvated molecule. 

Solvated molecule*"^ solvated hydrogen ion + solvated anion. 

Solvated hydrogen ion solvent + hydrogen ion. 

Solvated anion 2*^-^ solvent + anion. 

Hydrogen ion + anion undissociated molecule of acid. 

Take now the extreme case in which the secondary negativ. 
affinity of the hydrogen ion is completely saturated by the secondary 
positive affinity of n molecules of the solvent S (as in a very bade 
liquid) to give the complex ion nS . The positive charge will 
now be distributed' over the comparatively very large outer sphere 
of the complex (compare p. 284) instead of being concentrated in 
tlie nucleus of the hydrogen ion, and the catalytic activity of the 
complex will therefore be comparatively very small. Solvatiun 
will therefore reduce the catalytic activity of both hydrogen ion 
and undissociated molecule, and the observed catalytic activity of 
the hydrogen ion and the undissociated molecule in any given 
experiment will not be proportional to the real catalytic activitj 
of each when unsolvated, but will depend on the degree of solva- 
tion of acid and hydrogen ion in accordance with the abovx-meii* 
tioned equilibria. Again, if the solvation is slight, the solvateil 
ion and the solvated molecule may also have appreciable catalytic 
activity. 

These principles are in agreement with the experimental observa- 
tions on the relative catalytic activities of acids in different media 
Water forms complexes Jniich more readily than alcohol; therefore 
in aqueous solution solvation should be greater than in alcoholio 
solution, and the catalytic activity of acids should be less in 'vater 
than in alcohol (compare ICistiakowski, Zeitsch. physikah Chni, 
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1898, 27, 253, and especially Dawson, T., 1911, 99, 1). Dawson 
has found that in alcoholic solutions the catalytic activity may be 
one hundred times as g^eat as in water. Further, the addition of 
water has been found to decrease the catalytic activity in alcoholic 
solutions, and this has been shown to be due to combination of 
the water with the hydrogen ions (Goldschmidt and Ddby, 
Zeitsch. physikal. Chem,, 1907, 60, 728; Lapworth, T., 1915, 107, 
857). 

It would be of considerable interest from the point of view of 
this paper if experiments could be made on the catalytic activity 
of acids in some truly uoii-polar medium, such as benzene or carbon 
tetrachloride. In such a medium, solvation and ionisation would 
be reduced to a minimum, because non-polar compounds are fully 
saturated, and therefore unable to combine with the solute. It 
has been shown, for instance, that benzene at 18^^ dissolves 2 per 
cent, of its weight of hydrogen chloride, and that the solution is 
without electrical conductivity (Falk and Walker, Anur. Chem. 
J. 1904, 31, 398). The catalytic activity in a truly non-polar 
inedium would therefore he due to the un solvated molecule only, 
and in the case of a very strong acid would probably be very great 
compared with the activity of the iindissociated molecule in aqueous 
or alcoholic solution. 


Conclusion. 

For the sake of simplicity, it has been assumed throughout this 
paper that the atoms are spheres. It must be emphasised, in con- 
clusion, however, that the atomic sphere so often referred to is a 
purely geometrical conception. We may suppose it to be a sphere 
described around the atom with the positive nucleus at the centre, 
and the radius sufficient to include all the constituents of the atom 
(valency electrons, etc.) within the sphere. The use of this con- 
ception is justified by the atomic volume relationships of the 
elements, and by the fact that the atoms are not capable of inter- 
penetration when endowed with such small amounts of energy as 
correspond with the motions of thermal agitation of molecules 
(compare K. A. Millikan, “The Electron, pp. 139, 191). 

[Recdved, October 23rd, 1918.] 
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XX X. — Curcumin. 

By Pbaphulla Chandra Ghosh. 

The work described in this paper was in progress, and in fact com- 
pleted, before an account of tbe synthesis of curcumin by Lampe 
(Jier.^ 1918, 51 , 1347) appeared. 

A portion of the work was devoted to proving the presence of ilie 
'CO'CHg’CO* group, which in any case is now clear from the 
synthesis, confirming the formula, 

OMe OMe 

H0< ^ ^ CH:CK-CO-CHa-CO-CH:CH<^ ^OH, 

previously put forward by Milobendzki, Kostanecki, and Lampe 
{Ber., 1910, 43 , 2163). The results bearing on this point are there- 
fore given in an exceedingly abbreviated form. 

With benzaldehyde, curcumin forms a benzylidene derivative, and 
it also forms a condensation product with nitrosodimethylaniline. 

The action of bromine on curcumin and some of its derivatives 
was also studied with the object of testing the presence of two double 
bonds. 

There were obtained monohromocurcuminj C 2 iHj^OgBr, mono- 
bromoflicarh ethoxy curcumin^ C2iH^70^Br(0’C02Et)2, monobromo- 
dicarb ethoxy cur cumm tetrahromide, C2iHjj04Br5(0»C02Et)2, dh 
bromodicarh ethoxy curcumin titrabromidey 

monobromodiacetylcurcumin, C2iHj704Br(0Ac)2, dibroniodiacetyl- 
curcumin tetrahromide ^ C2iHi0O4Brg(OAc)2, monobromodimethyl- 
curcumin, C 2 iHi 704 Br( 0 Me) 2 , and dibromodimethylcur cumin tetra- 
bromide, CaHiABr6(OM6),. 

In the course of this investigation, it was discovered that dicarb- 
ethoxycurcumin could be converted into dicarbethoxywocurcumin 
simply by boiling with acetic anhydride and pyridine. This Jed 
to the view that one of the two known diacetyl derivatives of 
curcumin was probably diacetyhsocurcumin. Ciamician and Silber 
described a diacetylcur cumin melting at 169 — 170°, whilst Jackson 
prepared an isomeric substance melting at 154° by acetylating 
curcumin with acetic anhydride and sodium acetate. It was 
suspected that the latter was probably diacetylwocurcumin, and 
this suspicion was found to be correct. 

Jackson’s compound, which can also be formed by acetylating 
ciirciirain with acetic anhydride and pyridine, gives* Heller’s m- 
curcumin {Ber,, 1918, 47 , 887) on hydrolysis. It is therefore quite 
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pasy to convert curcumin into isocurcumiu. 
represented graphicaliy, thus ; 


These reactions caii be 


Dicarbethoxycurcumin ^ Curcumin 


BoDing with 
tusetic anbydridu 
and pyridine. 




Dicai’bethoxyi soc urcumin 





Diacetyl 
compound, 
m. p. 154^ 


isoCurcumin. 


This simple conversion of curcumin into isocurcumin confirms 
Heller s view that the two substances are geometrical isomerides 
From the ferric chloride reaction, Heller considers that curcumin 
exists in the enolic form (1), and as there is considerable 


OMe 

^c(oh)'Ch:ch<^\oh 




OMe 

^00 — ch:ch<;^\oh 
a-) 


OH. 


OMe 


CMe*CH:CH/ ^OH 
OMe 

^CO-CHICH/^^OH 

(II.) “ 


resemblance between this formula and that of divanillylidene^ 
mesityl oxide (II), the latter has been prepared in the course of this 
inv^tigation by condensing two molecular proportions of vanillin 
with one of mesityl oxide by means of hydrochloric acid, and it is 
intended to compare the absorption spectra of this substance with 
t at of curcumin ; similarity of absorption spectra would speak in 
avour of similarity of molecular configuration. 

The condensation of mesityl oxide with some other aromatic 
aldehydes has been studied, and i}-kydrowybenzylidenem,€sHijl oxide, 
^-hdfoxyhenzyMenemesityl oxide, p^peronylidenemeHityl oxid^ 
and cin^amylidenemedtyl oxide have been isolated. 

In connexion with the geometrical isomerism of curcumin and 
i’ocurcumin, there is some evidence that cinnamylidenemesityl oxide 
and piperonylidenemesityl oxide exist in two forms. 

Most of the compounds examined in the course of this investiga* 
ion are fluorescent. They are arranged in the following list in 
e order of their intensity of fluorescence : 
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Substances arranged in gradually diminishing 
order of fluorescence. 

Solvent in which the 
greatest intensity h 
observed. 

Curcumin 

Chloroform. 

Benzylidenecurcumin, 

CHPh;C(CO‘CH:CH-C,H8[OMe]-OH), 

Acetone. 

p-Hydroxybenzylidenemesityl oxide, 

OH-C8H4-CH:CH-CO’CH:CMe, 

Toluene 

0 'Hydroxy benzylidenemesityl oxide 

Toluene. 

Dicarbethoxycurcumin, 

CHj(C0*CH:CH'C,H3[0Me]-O*CO8Et)j 

Acetone. 

D j flfC© t ylcixrcutnin y 

CH2(CO-CH:CH-U,Hs[OMe]‘OAc)8 

Acetone, 

DivanillyUdenemesityl oxide 

Acetone. 

Monobromocurcumin, 

CHBr{CO-CH:CH'CeH3[OMe]-OH)j 

Acetone. 

Monobromodicarbethoxycurcumin tetrabromide, 
CHBr(CO-CHBr*CHBr-C4H8[OMej-0-CO*Et)8 

Chloroform. 

Dibromodicarbethoxycurcumin tetrabromide, 

CBrafCO-CHBr'CHBr-CjHaiOMel-O-COsEtla 

Chloroform. 


From these observations, it may be inferred that ^1) auxochromic 
groups, (2) the labile hydrogen atoms, (3) the double bonds, and 
( 4 ) the symmetry of the molecule increase fluorescence, but are not 
the invariable factors of fluorescence. 

Experimental. 

Beiizylidenecurcumin^ CgH 5 *CH’C 2 iHig 06 . — A current of dry 
hydrogen chloride was passed through a mixture of benzaldehyde 
(0‘5 gram), curcumiii (1*8 gi'am), and alcohol (40 c.c.) cooled witi 
ice. The colour became dark violet, probably owing to the form- 
ation of curcumiii hydrochloride, and in about a day the whole of 
the curcumiii dissolved and the colour changed to orange-red. 
After forty-eight hours, the mixture was poured into ice-cold water, 
when a greenish -yellow precipitate was obtained which could not 
be crystallised. It was purified by solution in acetic acid and frac 
tional precipitation by sodium acetate (sample I), and subsequently 
in the same way by precipitation from an alcoholic solution by 
water (sample II). It is soluble in alcohol, acetic acid, acetone, 
or chloroform, g'Ainks slightly at 170°, and melts at 200°: 

I. OTOOO gave 0*2695 CO^ and 0 0486 HgO. C = 73'5; H= 5 i 

II. 0*1104 „ 0*2965 CO 2 „ 0*0527 HgO. C = 73*25; H=5i 

C 28 H 240 g requires C = 73*68j H=5*26 per cent. 

Conde.mation Froduct of Curcumin and NitrosodimethylanUint, 
N(CH 3 ) 2 *C 0 H 4 *NIC 2 iH^gO 6 . — One part of curcumin and one part of 
nitrosodimethylaniline were dissolved in alcohol, two parts of zinc 
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fjjlorids were apdd6d, and the mixture was warmed for a few minutes • 
ou the water-bath. When the colour became brown, the product 
was precipitated by water, ' A good deal of tarry matter was dis- 
solved by treatment with 30 per cent, acetic acid. The residue 
could not be crystallised, but was purified by fractional precipita- 
tion from acetic acid solution by water. The substance obtained 
in this way is fairly readily soluble in alcohol, acetic acid, or 
acetone, shrinks at 98°, and melts and decomposes at 144—145°. 
Two fractions obtained by precipitation with water from acetic 
cid solution had the same melting point, and gave the following 
es lilts on analysis : 

I. 0*1502 gave 7*6 c.c. Ng at 30° and 760 mm. N = 5'7. 

II. 0-1430 „ 7-1 c.c. Ng „ 29° „ 758 mm. isr=5-61. 

CagHggOjjNg requires N-5'8 per cent. 

Momhromocurcuminj CgiHjgOgBr. — Half a gram of curcumin 
v’as dissolved in 35 c.c. of wann chloroform, the solution cooled 
uitil curcumin began to separate, and 4*5 c.c. of a 5 per cent, solu- 
ioii of bromine in chloroform were then gradually added, avoid- 
ng rise of temperature. The solution became quite clear on the 
irst addition of the bromine solution (1 c.c.), and hydrogen bromide 
ras evolved. After ten minutes, air was blown through the mix- 
ure to drive oil the chloroform, and the residual emulsion was 
ubbed with a little alcohol. Needle-shaped crystals of raono- 
iromocurcumin separated, which were soluble in alcohol, chloro- 
orm, acetic acid, acetone, or toluene, shrank at 131°, and melted 
it 136°: 

01187 gave 0*0510 AgBr. Br=18-2. 

C 2 iHjgO(jBr requires Br = 17*9 per cent. 

M onohrumodicarhttkoxi/curcumifij C.,^H^ 704 Br( 0 ‘C 02 Et). 7 , pre- 
)are,d in a similar way from d i ca r beth ox y cur cumin, crystallises from 
nuch alcohol in needles melting at 165 — 170°: 

01 172 gave 0*0382 AgBr. Br- 13-87. 

C27H270j(jBr requires Br^ 13*47 per cent. 

Morwh romodi carh ethoxy curcu 7ni n teirahromidcy 
C2,Hi70.iBr5(0*C02Et)2. 

—Dicarbethoxy curcumin (1 gram) was dissolved in the minimum 
Tjuautity of cold chloroform and treated with 40 c.c. of a 2*5 per 
’cut. solution of bromine in the same solvent. After remaining at 
:he ordinary temperature for one and a-half hours, the chloroform 
i-vas driven off by ^ a current of air. The product was e.xtracted 
successively with boiling ethyl and methyl alcohols, leaving a residue 
•vbich could not be crystallised, but was purified by dissolving in 
chloroform and fractionally precipitating with alcohol. It is 

N 2 
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sparingly soluble in alcohol or light petroleum, and melts and 
decomposes at 209—210°. Different fractions gave the same 
analytical results : 

0’1397 gave 0*1438 AgBr. Br=43’8. 

C27H270i(,Br5 requires Br = 43'9 per cent. 

Dihromodicarh ethoxy curcumin tetrabromide, 

was obtained by brominating dicarbethoxycurcumin in cold chloro- 
form solution with excess of bromine. It separated from alcohol 
in colourless crystals, softening at 148° and melting at 152°. It 
remains unchanged on boiling with water : 

O’ 1278 gave 0’ 1460 AgBr. Br = 48'61. 

Co^Ho^OjyBrg requires Br = 48‘48 per cent. 

M onohromoeJiacetylcurcuminj C 2 iHi 704 Br( 0 Ac) 2 . — Ciamician and 
Silber’s diacetylcurcumin was brominated in cold chloroform solu- 
tion with a little more than the theoretical quantity of a chloro- 
form solution of bromine (as in the preparation of monobromodi- 
carbethoxycurcumin). It crystallises from alcohol in needles melt- 
ing at 173 — 174°, and is brighter in colour than diacetylcurcumin 
itself : 

0*1162 gave 0*042 AgBr. Br = 15*38. 

^ 25 ^ 28 ^ 8 ®^ requires Br~ 15*03 per cent. 

Dihromodiacetylcmcumin Utrahromide^ C2iHiQ04Brg(0Ac)2, was 
obtained by brominating diacetylcurcumin in cold chloroform solu- 
tion with excess of bromine, and was crystallised from alcohol. It 
melts and decomposes at 80 — 83° : 

0*1477 gave 0-1785 AgBr. Br-51*43, 

C2f,H220f^Br(. requires Br — 51*45 per cent. 

Monx)hromodimethylcur Cuming obtained 

by treating dimethylcurcmniii in cold chloroform solution with a 
little more than the theoretical quantity of bromine. It crystallises 
from alcohol in needles melting at 140—141°; 

0*1200 gave 0-0468*AgBr. Br = 16’6. 

C23H230gBr requires Br = 16*49 per cent. 

Dibromodimethylcurcumin tetrahromide, Cgi 
Dimethylcurcumin dissolved in chloroform was treated with excess 
of bromine, when hydrogen bromide was evolved, and, after half 
an hour, the chloroform was evaporated. This substance could not 
be crystallised, but was purified by precipitation from its hot 
alcoholic solution with water. Distinct fractions possessed the same 
melting point (softens at 96°, melts at 102 — 104°) and gave 



GHOSH: CUECUMIN. 


297 


identical analytical results. It is soluble in cbloroform or acetic 
acid : 

0-1120 gave 0’1437 AgBr. Br=54-6. 

C^jHgaOcBrg requires Br=54’87 per cent. 

Convenion of Dicarhethox}jcnrcumin into Heller's Dicarbethoxt/- 
hocurcumin. 

A mixture of 1 gram of dicarb ethoxy curcumin, 10 c.c. of acetic 
anhydride, and 1 c.c. of pyridine was digested at the boiling point 
for forty-five minutes. Alcohol (6 c.c.) and a little water were 
added to the cooled mixture, and the supernatant liquid was 
decanted from the viscous mass which thus separated. Prom the 
latter, by stirring with 2 c.c. of glacial acetic acid, a solid product 
was obtained, and this when crystallised from alcohol melted at 
142°, which is identical with the melting point given by Heller 
for dicarbethoxy wocu rcu min . 

Found: C=63'0; H — 5‘5 

C27H28OJ0 requires 0=^63*28; II-5’46 per cent. 

Acetylation of Cwcumin vnih Acetic Anhydride and Pyridine. 

Curcumin was digested with acetic anhydride and pyridine under 
the same conditions as described in the last paragraph, and a solid 
product isolated. The yellow solid obtained in this way was frac- 
tionally crystallised from acetic acid. The first fraction (which was 
only a minor portion) melted at 169—170°, and was found to be 
identical with Ciamician and Silber’s diacetyl curcumin (mixed melt- 
ing point). The second fraction (major portion) melted at 154°, 
and this, it is interesting to note, is identical with that given by 
Jackson for his diacetyl compound obtained by means of acetic 
anhydride and sodium acetate. 

Found: C=66-4; H = 5'23. 

C25H:»408 requires 0^66*37; H=5-3 per cent 

Deacetylatiori nf DiaceiyhurcuMin (in. p. 154°) and Isolation of 
Heiltr’s hoCnrcumin. 

One gram of this diacetyl compound was dissolved in 15 c.c. of 
acetic acid, 1 c.c. of sulphuric acid (D 1‘84) added, the mixture 
warmed for a minute, cooled, and poured into water. The yellow 
precipitate was dried on porous porcelain and extracted with hot 
benzene. The benzene solution, on cooling, deposited the substance 
as a yellow, amorphous powder, soluble iu cold alcohol, acetic acid, 
acetone, ethyl acetate, or chloroform, sintering at 140° and melting 



298 


GHOSH: OURCUMIN. 


about 280°. There could be little doubt that this compound 
identical with Heller’s r^ocurcumin ; 

0-1130 gave 0*2822 COg and 0*0571 H^O. C=:68*l ; H=5-6. 

C2jH2(,Og requires C-68*4; H=5-43 per cent. 
l^-Hydraxyhenzylidenemesityl oxide, 

OH-C6Hi-CH:CH-CO-CH:C(CHs)2. 

—To an alcoholic solution of 2 '4 grams of ^hydroxybenzaldehyrle 
and 1 gram of mesityl oxide, 1*5 grams of zinc chloride were addoj 
and the liquid was boiled for two hours. The solution, after 
concentration, was poured into water, causing the deposition of 
oily drops, which became crystalline on agitation. On recryda]. 
lisatioii from alcohol, yellow^ crystals were obtained, which melted 
at 120° and dyed yellow sliades on chrome-mordanted wool: 
0-1210 gave 0*3590 CO^ and 0-0784 H,^0. C-80-91; H = 7-2. 

requires C- 81’25; H— 7*36 per cent. 

oxide was prepared in a similar 
way to the corresponding p-hydroxy-compound. The crude pro 
duct separated as an oil, which was obtained crystalline by dissolv 
ing in aqueous potassium hydroxide, allowing to remain for a few 
days, and precipitating with hydrochloric acid. The substance dis- 
solves with a very beautiful orange-red colour in potassium 
hydroxide solution : 

0-1000 gave 0-2970 CO. and 0*0667 H„0. C-81*0; H-7 42. 

requires C = 81*25 j 7-36 per cent. 

Pipe ro nylide nemcsityl oxide, 

CH2:o.:CoH3-cH:cn-cO‘CH:c(CH3)2. 

— Fiperonal (2-6 grams) and mesityl oxide (2 grams) were tlis- 
solved in alcohol, and alcoholic potassium hydroxide was added to 
render the solution fairly alkaline. The mixture was boiled for a 
few minutes, when an orange- coloured substance began to separate 
On cooling, this solid vras collected, dissolved in acetic acid, and 
reprecipitated with water, when it melted at 130—135° (.4). Thh 
proved to be a mixture of two substances melting at 148 — 153° and 
175 -178° respectively, which can be separated either by fractional 
precipitation by alcohol from acetic acid or by extraction with 
alcohol, in which th , substance of higher melting point is scarcely 
soluble. The hot alcoholic extract, on cooling, deposits the sub- 
stance, which melts at 148—153° (B). The insoluble residue, dis- 
solved in chloroform and fractionally precipitated by alcohol (the 
first fraction being rejected), melted at 175 — 178° ((7) : 

(A) 0-1000 gave 0-2662 CO. and 0-0558 HgO. C-72*6; H = 6*2 

(5) 0-1150 „ 0*3040 002 M 0*0580 H,0. C = 72*l;H-5i 

(0)0*1021 „ 0*2710 003 „ 0*0533 H3O. 0 = 72*4; H=5i 

C14H14O3 requires 0 = 73*0; H = 6*08 per cent. 
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oxtdCf 

C6H5‘C?h:ch-ce:ch*co*ch:c(ch3)2, 

was prepared in the same way as the above piper onylidene com- 
pound. On cooling the reaction mixture, some viscous substance 
was deposited, from which the supernatant liquid was decanted and 
poured into water. The semi-solid mass was dissolved in acetic 
acid and precipitated with alcohol. It melts and decomposes at 
^gQ 182° (o). Addition of water to the filtrate caused the separa- 

tion of a second substance, which melted and decomposed at 88 ° ( 3 ). 
5 oth the a- and jS-oompouuds were soluble in alcohol, chloroform, 
acetone, or toluene, but could not be crystallised from any of these 
solvents. Experiment showed that these compounds were int-er- 
convertible; the former (a) on boiling with acetic acid for two to 
three minutes and adding water to the solution gave the 3 - com- 
pound melting at 88 °, whereas the latter on boiling with alcohol 
for about five minutes gave, on cooling the solution thus obtained, 
a deposit of the a-compound melting at 180 -182°. 

The a-compound is less readily soluble in alcohol than the 3- 
(a) 0-1082 gave 0*3365 CO .2 and 0'0670 HoO. C-84-4; H- 6 * 8 . 
( 3 ) 0'1494 „ 0-4610 002 „ 0'0808 II.O. C = 84*l ; H-6-0, 

C 14 H 15 O requires C — 84’4; H-6*4 per cent. 

Divanillylidencmesityl oxide (II, p. 293). — A current of dry 
hydrogen chloride was passed into an ice-cooled alcoholic solution 
of 2*6 grams of vanillin and 1 gram of mesityl oxide, when the 
liquid became deep blue. After two days, the solution was poured 
into cold water, the precipitate collected and triturated with sodium 
acetate solution. The brown, amorphous powder obtained in this 
way could not be crystallised, and was purified by fractional pre- 
cipitation from acetic acid with water solution. It is soluble in 
alcohol, chloroform, or acetone, softens at 165°, and melts at 178°. 
Distinct fractions obtained by the above described method gave 
identical analytical results: 

I. 0-1200 gave 0*316 CO 2 and 0*067 II 2 O, 0-71*8; H- 6 * 2 . 
11.0*1065 „ 0*282 002 „ 0-059 H 2 O. C-72 21 ; H- 6 T. 

C 22 H 22 O 5 requires 0-72*1; H -6 per cent. 

I take this opportunity of thanking Prof. B. N. Das for his kind 
help and encouragement during the progress of the work. 

Chemical Labobatoev, 

Dacca College, Bengal, India. [Received^ December ZOth, 1918.] 
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XXXI. — The ' Rotatory Dispersive Power of Organic 
Compounds. Part IX. Simple Rotatory l){^^ 
pension in the Terpene Series. 

By Thomas Martin Lowry and Harold Helling Abram. 

In a paper on “The Form of the Rotatory Dispersion Curves," 
published in 1913 (T., 103 ^ 1067), it was shown: 

(a) That the rotatory dispersion in a large number of simple 
oreanic compounds may be expressed by the formula 

where k is the “ rotation constant " and “ (dispersion con- 

stant " of the substance, 

(b) That this formula can be applied both to magnetic and to 
natural rotatory powers. 

(c) That a very simple method of testing the form of the disper- 
sion curves is to plot the reciprocals of the rotatory powers against 
the squares of the wave-lengths, When the simple dispersion 
formula is valid, the observations will plot out to a straight line, 

The validity of this simple dispersion formula was established 
in several ways. Thus: 

(1) Twenty-five hydrocarbons, alcohols, and acids for which the 
ratio 04358/^5461 = 1 ‘636 were grouped together, and their magnetic 
dispersion ratios were averaged for six different wave-lengths ; these 
averages showed a remarkable agreement with the ratios calculated 
by means of the simple dispersion formula. 

(2) In the same way the optical dispersion ratios of eight second- 
ary alcohols, for which 04358/^5461 = 1*651} were found to agree closely 
with ratios calculated by the simple formula. 

(3) A few optical and magnetic rotations of larger magnitude 
showed a similar close agreement in individual cases, without the 
necessity for averaging which arises when the readings are small. 

(4) In the case of a- and ^-methyl glucosides, very concordant 

results were obtained when the two constants of the simple equation 
were calculated (u) rrom the mercury readings and 054 ^ 1 , 

( 6 ) from the cadmium readings and 05438 (Lowry and Abram, 
Trans. Faraday Soc., 1914, 10 , 108). 

These earlier observations showed that the simple dispersion 
formula can be applied very generally to compounds of simple 
structure, such as the optically active secondary alcohols, which 
contain only a single asymmetric carbon atom and also to com- 
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pounds such as the glucosides which contain several asymmetric 
carbon atoms associated with the simplest possible radicles, for 
example, hydrogen, hydroxyl, and the like. An opportunity has, 
however, occurred recently of testing the validity of this same 
dmple formula in the case of a large number of optically active 
compounds in which these elements of simplicity in the molecular 
structure are conspicuously absent. The striking results of this 
further test form the subject of the present communication. 

Thp new data now under consideration were provided by the 
observations of Prof. E-upe, who in. continuation of earlier experi- 
ments on the “Influence of Constitution on the Rotatory Power of 
Optically Active Substances” [Annahn, 1903, 327, 157; 1909, 369, 
311; 1910, 373, 121; 1913, 395, 87, 136; 1913, 398, 372; 1914, 
402, 149) has published a series of measurements of the optical 
rotatory power of (1) twelve derivatives of methylenecamphor, 
(2) menthol and eleven of its esters, (3) myrtenol and eleven of its 
esters, (4) three hydrocarbons derived from citrqnellaldeliyde, 
(5) camphor, pulegone, and carvone [Annalen.^ 1915, 409, 327). 
Unlike the previous series of measurements, which were confined to 
observations with sodium light, the last series included, in the case 
of almost every compound, readings for four different wave-lengths 
in the visible region of the spectrum. It was therefore possible to 
study, not only the optical rotatory power of the various com- 
pounds, but also the character of their rotatory dispersion. 

The four wave-lengths, selected from a continuous spectrum, 
were \ = 6563, 5898, 5463, and 4861, corresponding closely with the 
FraunLofer lines: r/ = 6563, 7J = 5893, F — 4861, and the green 
mercury line Hg 5461. In order to preserve a convenient sequence 
of lettering, these four wave-lengths were described as f', D, K, 
and F ; but, as the symbol E lias long been appliwl to the Fraun- 
liofer line of wave-length 5270, the symbol Q is used below for the 
green (quicksilver) line in the series, which thus becomes I', /), 

Q. F. 

Tlie various substances were examined either in the pure state 
as liquids at 20° or dissolved in benzene at 20°, since this solvent 
was found to have no very great influence on the rotatory powers ; 
several substances were examined both in the pure state and in 
solution. 

When the experimental work was approaching completion, the 
data were handed over for deta.i]ed analysis to Ur. A. Hagenbach, 
Professor of Physics in the University of Basle. The important 
deductions which he was able to make are set out in a paper on 
“Rotatory Dispersion in Homologous Series” {Zeit'ich. phi/siJcnl. 

N* 
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Chem., 1915, 89 , 570). The chief points of this paper are 
follows : 

(1) The dispersion ratio a^/a^ is practically constant in each 
series of closely-related compounds. Compounds which differ in 
any marked degree from the average are regarded as “relatively 
anomalous.” 

(2) A similar statement may be made in reference to all the six 
ratios a^jac, a^./a^, arlaq, o.Jact aq/ai), ajac, as was shown 
by tabulating these ratios for (i) eight derivatives of methylene- 
camphor, (ii) menthol and seven of its esters, (iii) three Hydro- 
carbons from citronellaldehyde. 

(3) It follows, therefore, that if the dispersion law for onp 
member of the series be given by the equation a~^(A), the rotator^’ 
disj^ersion in every compound may be expressed by equations, 
such as : 

[«.]=(7i,^(x). 


This proportionality of rotatory powers was demonstrated by tabu- 
lating the ratios in each of the three series 

of compounds. 

Attempts were made to determine, mainly by graphical methods, 
the nature of the unknown function ^(a). Thus, the equations of 
Biot^ 

and of Stefan, 

were tested by plotting a against 1 /A^. Boltzmann's equation: 
a = A I jH or aA^ — .4 ^/A^, 


was tested by plotting aA^ against 1/A“. In neither case was an 
exact linear law disclosed. The equations of Lommel, and the two 
term equation which Dmde used to express the rotatory power of 
quartz, could not be tested in this way; but the empirical equa- 
tions : 

a = .4q-Zf/A" and loga-d-t-5/A 

were tested by plotting log a against log 1/A and against 1/a; sub- 
sequently, logo was also plotted against A, and a against I'A 
(A fmalerhf 1915, 409 , 349, 351), but Again without disclosing any 
simple linear relation between these quantities. The nature of 
the function in the equation a=^(A) thus remained still undis- 
covered. The present paper serves to supply this deficiency hr 
showing that in almost every case the new dispersion data can he 
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expr^sed by a simple equation of the type first put forward by 
prude. 

The fact that Drude’s equation was not used by Hageiibach, and 
in general failed during many years to secure tlie practical recog- 
nition which it deserves, may b© accounted for in two ways. In 
the first place the equation was put forward, as an approximation 
only, in a very general form ; 


containing an indefinite number of arbitrary constants. The arbi- 
trary constants, . . ., in the denominator were deduced 

from measurements of refractive dis]>ersion, and it was not even 
suggested that they could be derived (in a still more satisfactory 
ffay and often with much greater exactness) from the rotations 
themselves. In the second place, Drude demoiistrated the validity 
of Ins equation only in one single case, namely, that of quartz, 
tlie equation for which took the form 

^ h, _ k 

No data whatever were given for optically active liquids, and the 
magnetic rotatory dispersion in carbon disulphide and in 
creosote (!) was expressed by a different formula, also depending 
oil measurements of refractive dispersion. The first extensive prac- 
tical application of Drude’s formula was therefore made less than 
six years ago in the second paper of the present series. 

The easiest (although perhaps tlie least exact) method of testing 
the simple dispersion law, o = .^*/(\2 — is to plot the reciprocals 
of the rotations against the squares of the wave-lengths. Tlie 
dramatic effects which are produced by plotting l/a against A- are 
shown by comparing the straight lines of Figs. 1 to 4 with the 
broken lines ^ or curves which were given by all other methods of 
plotting. It is specially remarkable Uiat plotting a against 1/A- 
(Stefan’s formula) should give curves, where jdoiting 1/a against 
.V- (llrnde’s formula) gives very exact straight lines. These lines 
indicate clearly that, wliere half a dozen otlmr relationsliij>s have 
failed, the simple Drude formula gives at once a satisfactory 
expression of the experimental data.f 

* Hagenbach appears to havo plotted hi a curves on the assumption that 
the “E” line used by Rope Wfes the Fraunhofer lino «b57q, and not the 
mercury line 

t More exact data may perhaps compel the use of additional terms, as in 
the case of quartz, which requires one, two, or three terms, according to the 
range and accuracy of the data employed, but there are no indications of this 
in the data examined hitherto. 

N* 2 
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A marked exception occurs in the case of pulegone, which give^ 
a smooth, full curve, and evidently shows ‘^complex’' rotatory 
persion. Diphenylmethylenecamphor, CjQHj^OICPhg, the 
persiou ratios of which are much lower than those of all the related 
compounds, gives a curve; so also does menthyl /3-phenylcinnainate 
CjfjHjgO’CO'CHlCPhg, the rotatory dispersion of which must be 
complex, since the dispersion ratio, a^jac =1‘72, falls below tlie 


Fig. 1. 



Rotatory dispers^ion in derivatives of meihyhnecampkor. 

Notice curvature in the case of the diphenyl derivative. 

minimum value = Xc^jX/ <= r818, beyond which Aq® would 
become negative and an imaginary quantity ; the fact that both 
these compounds contain the group iCPh, can at present only be 
regarded as a coincidence. All the oHier compounds appear, as a 
result of this rough graphical analysis over a narrow range oi 
wave-lengths, to give simple rotatory dispersion. ' 

A more exact test of the dispersion formula is given by numerical 
calculation. The following table shows that the specific rotations, 
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observed and calculated, of a series of typical compounds lie well 
within the range of possible experimental errors. 


Table I. 

Speci^c Rotations, Observed ami Calculated. 

Ethylidenecamphor,* [a] ^ 47 • 32 2 / (A^ - 0 ■ 0829 ) . 

Obs 136-37° 178-58° 319-31° 308-49° 

136-05 178-68 219-55 308-49 

0-C +0-32 ± -0-24 J- 


Hydroxymethylenecainphor,’^ [o]-i32'843/(A-- 0 0874). 

Obs B6-53 87-66 108-57 15341 

Calc 66-53 87-70 108-26 153-41 

0-0 ± -0-06 +0-33 ± 


Benzylmethylenecamphor, [o] -33'431 /(A--0 0887). 


Obs. . . 

97-87 

129-00 

156-26 

226-50 

Calc. .. 

97-76 

129-00 

156-39 

226-60 

0-C .. 

+0-12 

± 

-0-13 

± 

Menthol,* [o] 

-15 068/(A2- 

■0'0236). 



Obs. .. 

37-01 

46-58 

54-78 

70-84 

Calc. ., 

37-01 

46-47 

54-82 

70-84 

0 

1 

o 

_L 

+0'11 

-0-04 

± 

Meuthyl benzoate,* [a] = 29-364 /(A^. 

-0-0255). 


Obs. .. 

72-41 

9110 

107-76 

139-30 

Calc. 

72-46 

91-10 

107-59 

139-30 

0-C 

-005 


+0-17 


Myrtenol, [a] 

= 14*700/(a2_ 

■ 0-0316). 



Obs. . 

36-83 

46-49 

55-04 

71-81 

Calc. . 

36-83 

46-48 

65-09 

71-81 

0-C 

± 

+0-01 

-0-05 

± 

Myrtenyl benzoate, a=::^ll-505/(A-- 

0-0341). 


Obs. . 

29-01 

36-67 

43-51 

56-90 

Calc. . 

29-01 

36-67 

43-52 

66-90 

0-C . 


± 

-0-01 

± 


* Dis(tolved in benzene. 


In view of the fact that the readings for solutions in benzene 
were multiplied by ten to convert them into specific rotations, 
whilst the others were approximately doubled, the agreement shown 
above is practically perfect. 
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Even clearer evidence of the validity of the simple dispersioi^ 
formula is afforded by a study of the average dispersion ration 
observed and calculated for groups of related compounds. Three 
such groups were averaged by Hagenbach, namely : 

{a) Eight derivatives of m ethyl enecamphor (dissolved in 
benzene), a^lac =2-310. 

(&) Seven esters of menthol (pure or in benzene), a^/a^ -1 920 


Fra. 2. 



Rotatory dispersion in menthol and its esters. 
Notice curvature in the case of ^'phenylcinnamate. 


(c) Three derivatives of citronellaldehyde (in the pure state). 
Q. — 1 9G1. 

To these there are now added average ratios for: 

(d) Six derivatives of methyl enecamphor (in the pure state), 
ttp/ag —2 303 , 

(e) Menthol and seven esters (dissolved in benzene), af/a^ = 

1-911. 
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(^f) Myrtenol and eight esters (in the pure state), ajac -1*958. 
The close agreement between the observed and calculated values 
of these ratios is shown in table II. 


Fio. 3. 



Table II. 


Dispersion Satios, Ohse7'ved and Calculated, 


ar!ac- 

(o) robs 2-310 

\Calc. ... 2-310 

(6) /Obs 1-020 

\Calc. ... 1'921 

(c) robs 1-991 

\Calc. ... 1-992 

{d) fObs 2-303 

\Calc. ... 2-303 

(«) /Obs 1-911 

\CaIc. ... 1-911 

if) rObs 1-958 

\Calc. ... 1-958 


apjai). 

Of/nQ- 


1-751 

1-415 

1-633 

1-752 

1-418 

1-629 

1-529 

1-294 

1-488 

1-529 

1-294 

1-484 

1-.561 

1-313 

1-515 

1-569 

1-316 

1-513 

1-756 

1-423 

1-619 

1-748 

1-417 

1-620 

1-521 

1-289 

1-482 

1-522 

1-292 

1-479 

1-550 

1-306 

1-499 

1-550 

1-306 

1-499 


aiJ(X[}. 


1-237 

1-319\ = 

1-236 

1-318/00879 

M81 

1-2591 = 

1181 

1-257/0-0250 

1-188 

1-2741 

M9l 

1-269/0-0401 

1-234 

1-3121 = 

1-234 

1-318 f0 087l 

1-180 

1-256 \ A/- 

M79 

1-255/0-0227 

1-186 

l'264| = 

1-186 

1 ■264/0-0334' 
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This agreement is nearly as close as in the case of the data 
which the validity of the simple Drude formula was first estab 
lished, and even the largest differences are usually less than the 
average errors of the individual ratios. The ‘^simple charactet 
of the rotatory dispersion could therefore only be called in question 
if data were available of greater exactness or over a wider region 
of the spectrum, 

A further opportunity of testing the validity of the simple dis- 


Fig. 4. 



UoUxfory disp&rsion in derivatives of camphor pidegone and carvone. 
Notice curvature in the case of pulegone, 


persion law is provided by the inclusion in a more recent paper by 
Prof. Rupe {Helv, Chim. Acta, 1918, 1 , 452) of dispersion data 
for four samples of camphylcarbinol, 



CH'CHj'OH 

I 

CO 


a compound containing three asymmetric carbon itoms as com- 
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poD6iit6 of ft complex ring" system. The ftgrpemenfc between the 
observed and calculated rotations ig shown in table HI. 


Table III. 


Uotatory Dispersion in CamphylcarhinoL 


First sample, [a] = 15'980/(A.2-0'10220). 



A =6363 

5898 

5463 

4861 

Ohs 

48-64° 

65-24° 

81-57° 

119-17° 

Calc 

48-64 

65-05 

81-43 

119-17 

0~C 

i 

+0-19 

-1-0-14 

-1 

Second sample, [a 

i]=15'213/(a2-0'10223). 


Qbs 

46-31 

62-11 

77-67 

113-48 

Calc 

46-31 

61-93 

77-53 

113-48 

0-C 

± 

-hO-18 

+0-14 

4: 

Third sample, [o] 

-15'252/(A2-0-lp239), 


Obs 

46-45 

62-22 

77-74 

113-90 

Calc 

46-45 

62-13 

77-79 

113-90 

0-C 

± 

+0-09 

-0-05 

± 

Fourth sample, [a 

] = 16-10/(\2-OT0304). 


Obs 

49-13 

65-73 

82-44 

120-82 

Calc 

49-13 

65-76 

82-39 

120-82 

0-C 

± 

-0-03 

+0-05 



It will be observed that the sample having the highest rotatory 
power, which was also probably the purest, gives a remarkably 
close agreement, the differences being in opposite directions and 
amounting only to a few hundredths of a degree, or about 1 part 
in 2000. This exact agreement suggests that the simple dispersion 
law may be of value as a test of purity, and that deviations from 
it may in some cas^ justify a further examination of the chemical 
composition of the material used for the measurements. 

It is of interest to notice the chemical character of the com- 
pounds to which the “simple” dispersion formula has now been 
applied. They are as follows: 


CHMeo 


/f\ 

cHjI c:chr 
I CMe, I 

CH, 


\| 


CO 

OMe/ 


/ 

CH, 

I 

CH, 


.-CH- 


\ 

CH-O-CO-E 

I 

CH, 


.CH. 

/ I \.. 


CH, 


CH, 


CMe„ 


\CHMe/ 


Ch/ CH 
\-C^ 


1. Methylene camphors. 2. Menthol esters. 3. 

CMe5:CH-CH2-CH2-OHMe-CH:CHR 

4. Hydrocarbons from oitronellaldehyrie. 


CHg>0-C0‘R 
Myrtenol esters. 
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Nearly all are complex ring compounds or loaded with double 
bonds. The fact that the simple formula applies to compounds of 
such complex structure is remarkable evidence of the broad and 
sound basis on which the formula rests. 

Characteristic Wave-lengths , — In Drude's simple equation, the 
rotatory dispersion is defined completely by the dispersion' con- 
stant” >\p2. this is the square of a wave-length, which is that of a 
hypothetical absorption band, usually in the ultra-violet rec^ion 
of the spectrum. This wave-length defines the whole course of the 
dispersion curve, and is independent of the particular wave-lenglhv 
used to determine it; thus the value of Aq- may be deduced equally 
well from the mercury ratio from the cadmium ratio 

ratio a^/a^ derived from the data now 
under discussion. A preliminary study of these data by Prof. Rupe 
had, however, disclosed the fact that, in the case of the methylene- 
camphors, ap/a^ =(im whilst in the case of the citron ell aldehyde 
hydrocarbons, a^- = a„ that is, for each series there is a 

“characteristic wave-length,” A^ {Zeiisch, phgsikal. Chem., 1915, 
89 , 581), for which the rotation is equal to the difference between 
the rotations for the F and G lines. This wave-length is not a 
fundamental constant of the dispersion curve like the Aq^ of Drude’s 
equation, since it depends on the two standard wave-lengths, for 
example, F and C, which are selected as determining the differ- 
ence; but it usually lies within the limits of the visible spectnnn 
and affords a picturesque method of setting out the essential 
features of the dispersion curve. By assuming the validity of 
Stefan's formula, Hagenhach showed that this wave-length can be 
deduced from the expression 

A/ ap -ac Va,^^ Vi 
or, taking in all the four rotatory powers, 

1 _aj5.-a^-aj^Jl 1) 1 

IA? “ A^J ^ A?' 

Drude's equation, on the other hand, which is the one that 
actually fits the curves, gives for the “characteristic wave-length'" 
the expression 

^2 _ A,2-(7i_ 2)A/ _ 0-4307 -0‘2363(w— 2) 

(n-l)2 " “ («-r)3 

where n is the dispersion ratio a^/ap. Thus, for the citronell- 
aldehyde hydrocarbons, for which 7 z = 2-00, this equation give? 

as was observed experimentally when it was found that 

u/. ~a(,-ac. 
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Constant Eotatory Dispersion in Homologons Series. —hi the 
compounds now under consideration, new radicles are introduced 
into the molecule at points which are separated from the asym- 
metric carbon atoms by a considerable chain, including in every 
case either an oxygen atom or a double bond. A constant dis- 
persion ratio is therefore observed from the beginning, and any 
substance of which the rotatory dispersion differs largely from tho 
average of the series is noteworthy and exceptional. The only 
conspicuous exceptions amongst some thirty- six compounds under 
consideration in the present research were found in two substances 
containing the group iCPh 2 . These have now been shown to 
differ from the others also in giving complex instead of simple 
dispersion curves, so that the rule appears to apply without excep- 
tion to all compounds showing simple rotatory dispersion. 

A different state of affairs prevails, however, in the secondary 
alcohols of Pickard and Kenyon, which have a ‘'growing chain” 
attached directly to the asymmetric carbon atom. The dispersion 
is here always simple, hut the dispersion constant varies in the 
different series, and only assumes a steady value in each series 
when the “growing chain” of carbon atoms has definitely estab- 
lished itself as the heaviest radicle attached to the asymmetric 
carbon atom (Lowry, Pickard, and Kenyon, T., 1914, 105 , 101). 
The lowest homologues usually show an exceptionally high rotatory 
dispersion, but this is not accompanied by any change in the type 
of the dispersion curve, and is therefore entirely distinct from the 
"anomalous rotatory dispersion,” of which an exact definition was 
given ill a former paper of the present series (T., 1915, 107 , 1195). 
It would be a real misfortune if substances which are perfectly 
normal in their rotatory dispersion were to be regarded even as 
“relatively anomalous” whenever they happen to differ slightly 
from their homologues, and it is hoped that this unnecessary an<l 
misleading description will be abandoned. 

Summary. 

It is shown that the simple dispersion formula 

can be applied to express the rotations produced by a large number 
of compounds of the terpen e series, including (a) derivatives of 
methyl enecamphor, including camphylcarbinol , (^^) menthol and its 
esters, (c) myrtenol and its esters, and (d) hydrocarbons derived 
from citronellaldehyde. Pulegone, and two compounds containing 
the group !CPh 2 , show complex rotatory dispersion. 

G^y’s Hospital, 

LoifDON, S.E. [Received, March 20th, 191^.] 
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XXXIL — New Sector Spectrophotometer. 

By Samuel Judd Lewis. 

In a paper by the author on “The ultra-violet absorption spectra* 
of blood sera” {Proc. Hoy. Soc., 1917, [B], 89 , 327), it was sUte4 
that the work described had been done with two sector spectro- 
photometers, that these were not adequate to the exacting nature 
of the investigation, although they were the best and most modern 
instruments available, and that a new photometer to the author s 
design was under construction. That apparatus has now been in 
use for several months, and the purpose of this paper is to describe 
it. A short account of the method of using such instruments is 
given in the reference mentioned above. 

As was the case with the work detailed in the paper cited, the 
present development of the sector spectrophotometer has been 
generously supported by the Beit Research Fund Committee, the 
trustees of a fund which has been placed at the disposal of the 
iBritish Homeopathic Association hy Mr. Otto Beit for purposes of 
scientific research. 

The new instrument was designed by the author in 1915 with 
a view to meeting the requirements of the work on blood serum, 
No instrument can be unnecessarily refined for this, and should it 
be desired to employ the method of ultra-violet absorption spectro- 
graphy for clinical purposes, whether for blood serum or for any 
other substances, an instrument which is at once trustworthy and 
easy to manipulate is essential. Incidentally, an instrument which 
fulfils these conditions should satisfy most of the demands of scien- 
tific research and bring the practice of ultra-violet absorption 
spectroscopy within the range of applied chemistry. Unless or 
until the ideals set out are attained, absorption spectroscopy can 
have little more than academic significance; but perfect, easily 
adjustable spectrophotometers may be expected in course of time 
to occupy a place in the general laboratory not less important than 
that filled by the polarimeter or the refractometer. 

Among the objects aimed at in the new design were the 
following : 

( i) The utmost accuracy and refinement in the resulting spectra, 
because for the serum work it is required to discover with certainty 
very small differences of detail in the absorption curve, as explained 
in the paper cited. 

(6) To work quickly as well as accurately, since it is necessary 
to undertake the examination of a serum at very short notice, and 
there is no reasonable opportunity of revising the observation, as 





15, 



a d 


•. I ru/n 
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the seriim will usually have changed in character by the time the 
absorption curve is drawn ; this presumes quick and perfect adjust- 
ment of the instruments. 

(r) To maintain this excellent adjustment throughout an experi- 
ment, or to restore it from time to time during the progress of an 
observation, without the necessity of other disturbances. 

(d) Precise quantitative values for the extinction coefficients, 
jiince the amplitude of the curve has important significance. 

(a) To attain this high standard, and yet to be able to use the 
one spectrograph alternately with the photometer and for other 
purposes as circumstances may require. 

The photograph exhibits the general appearance of the new 
photometer ; it exposes the vanes jn the upper sector, the front of 
the sector box having been removed ; also only one platform bear- 
ing a tube carrier is shown. The arrangement of parts is displayeil 
in the diagram. 

Q represents a suitable lamp, light from which falls on the two 
lenses Li, L^, which render the light parallel. These pencils of 
light pass through the face in the reflecting prism and 
through the face in the reflecting prism F 2 in the manner 
shown, and are reflected approximately at right angles by the 
inclined faces in prism 1\ and in the prism so that in 
each case the light follows a course parallel to the main axis of 
the prism to a second inclined face in prism P-^ and h^d.^ in 
])risin Po, where it is reflected again at right angles. 

The parallel beam reflecte^l from h^d^ passes through the sector 
/i], Ihe diaphragm 0^, and the lens to the inclined face p,/j 
in reflecting prism where it is reflected at I’ight angles along 
the main axis of the prism on to the inclined face where it 
is again reflected at right angles and passes out of the juism on 
to the face hi of the rhomb U placed in front of ihe slit A' of the 
spectrograph, or, in the absence of the rhomb, directly on to the 
slit. 

The pencil from undergoes similar treat n lent, and eventu- 
ally passes out of the photometer on to the face h) of the rhomb. 

The rhomb may be dispensed with if the pencils of light are 
directed so as to fill the angles of the prisms at and provided 
that one prism slightly overlaps the other, as shown in the figure, 
so that the prominent edge may define the line of juxtaposition. 
It will be seen that any stray parts of the pencils of light would 
be reflected or escape out of the field, 

The essential part between the two prisms in either path is the 
sector capable of cutting off any desired portion of the 

light passing along that path. 
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It should be observed that the piisuis and sectors are enclosed 
in dustrproof metal boxes provided with quartz windows. 

The sector system is placed in a part of the path where the 
light is parallel. It consists of four vanes, Fj, V 2 , F 3 , I 
shown in the side elevations in the figure. Each vane has two 
edges at right angles, and when the four vanes are disposed to one 
another in one plane, so that the four angles meet at a point, the 
system is closed and no light can pass. This arrangement is reprc- 
sented in the upper path in the figure. The common point of the 
four angles is on the optic axis, to which the plane is at right 
angles. Each vane can be turned by means of suitable mechanism 
about its bisectors, w., ^ 4 . When all the vanes are turned 

simultaneously through an angle of 90® about their respective 
bisectors, light can pass in the direction of the optic axis without 
any interruption except that caused by the slight obstruction due 
to the thickness of the material of the vanes, as shown in the 
figure for the lower path. By turning the vanes through any 
other given angle about their bisectors, a known proportion of the 
light may be allowed to pass. Each of the four vanes is carried 
on a wheel, by means of a spindle which coincides with the bisector 
of the vane and also forms the axle of the wheel. These wheels 
are mounted on the outside of the walls of the box enclosing the 
sector at right angles to one another, and fit into one another hy 
bevelled cogs. They move simultaneously, and the fitting is so 
close that back-lash is reduced to an insignificant minimum. The 
amount of rotation of the vanes is measured by a pointer, /, 
mounted on the front wheel and moved against an arc graduated 
in half degrees from 0 to 90, 

A diaphragm or stop, 0^, O 2 , is placed in front of each sector to 
reduce the section of the beam of light to suitable dimensions, 
say 9 mm. in diameter when the observation tubes or cells have a 
liiiiien of 12 3 nm. 

In order to correct the error caused by the obstruction due to 
the thickne.ss of tlie material of the vanes, tlieir edges are reduced 
to knife edges, and the thickness along the bisector is graduated 
from the minim urn at its extremity at the optic axis to what- b 
necessary, say 1 mm., at a distance of 10 mm. The two sides ol 
each vane are equally made, and each of the four surfaces is p ane 
or concave.. Hence a section through a vane at right angles to 
ite bisector has the form of a rhombus having two very obtuse aM 
two very, acute angles; also a section which includes the bisertoi 
has the form of an isosceles triangle. 

It follows that when the sector system is open, as shown in e 
lower path in the figure, the obstruction or shadow produce y 
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each vane has the form of a geometrical sector of known dimensions, 
and therefore the sectional area of the pencil of light passing 
through the sector system is reduced by four times the area of one 
small sector shadow; also, each of the four apertures has the form 
Qf a geometrical sector. 

Compensation for this reduction in area is made by employing 
for the path in which the light is to be of whole, or 100 per cent, 
intensity, that is, for the path in which the substance under observa- 
tion is placed, a diaphragm the aperture of which is appropriately 
lar^^er than that of the diaphragm in the other path. In the 
author's instrument, the diameter of the larger aperture is 9‘3 mm, 
and that of the smaller 9-0 mm. These diaphragms are loose and 
may be used with either sector, according to whether it is desired 
to use the upper or lower sector. 

The only limitation to this arrangement is that the sectors do 
not operate for those angles which are included by the small angle 
t^overed by the thickness of the vanes. In the author's instrument 
this is 2 ' 6 °, so that the range of operation is from 2 ' 6 ° to 90'^. 

The lenses X 4 , placed between the sectors and the second 
set of prisms, focus the light on the slit, the focus being that for 
light of a wave-length of about 3000. 

The edge of the rhomb is placed close to the slit, so that the 
two pencils of light when they emerge from either side of it into 
the slit may be at the focus of the collimating lens; the line of 
juxtaposition between the two spectra is thus very clearly defined 
without the least overlapping or intervening space, with the result 
that the lines in the two spectra, whether visual or photographic, 
can be compared for their relative intensities at the best advantage. 

The cell containing the substance under observation is placed 
ill the parallel beam of light between the sector and the central 
lens; room is provided for tubes up to 100 mm. in length, and 
tubes of this length were used successfully in an inve^stigatioii 
relating to Lambert's law. As the pencil of light is 9'3 mm. in 
diameter, it is desirable for long tubes that the lumen of the tube 
should be at least 12 mm. in diameter, so as to avoid serious reflec- 
tion from the inner walls of the tube. When the lumen is small 
and the layer of substance thin, it may be placed in the convergent 
beam immediately in front of the prism Pg, as shown at w, and a 
still smaller cell might be interposed between th'^ prism 1\ and the 
face ki of the rhomb, but only with due regard to existing con- 
ditions. Inasmuch as the system in the lower path of light is 
identical with that in the upper, the cell may be placed in the 
lower with equal advantage, or, as explained later, cells may be 
placed in both beams simultaneously. 
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The new instrument is characterised chiefly by its sectors; the«e 
are distinguished both in their construction and in the principles 
upon which they operate. In comparison and contrast with other 
sectors, they accommodate the whole beam of light, and not merely 
half, as is the case with some others; this enables exposures to be 
reduced to one- half in order to produce a photograph of the same 
intensity ; the exposures being continuous, calibration of the photo- 
graphic plate is avoided; the direct function of the new sectors 
is to cut down the intensity of the light, and not to do bo indirectly 
by altering the exposure, as is the case with the Hilger instrument; 
the sector is still, which is a great convenience. The whole aper- 
ture of the sector system is made up of four sector-shaped apertures 
arranged diagonally about the optic axis, that is, they are dis- 
posed at an angle of 45® to the vertical. This has the advantage 
of utilising all parts of the circular beam of light in proper pro- 
portion, whatever the magnitude of the effective aperture at the 
moment. In this it differs from the iris and other forms of stop 
or sector, which reduce the intensity of the light by cutting down 
the light from the periphery of the beam inwards, or by cutting 
it down in some other way which assumes that every part of the 
field is equally illuminated, Under the conditions of ordinary 
practice, this assumption lacks sufficient justification where precise 
photometry is required. 

The size of the sector aperture is measured in terms of the angle 
which it forms at the optic axis. The angle 45® represents an 
aperture of 100 per cent., and the angle formed at the optic axis 
by the shadow cast by one half of a vane in any given position 
is <l>. Hence the sector aperture is proportional to 45®- Thic 
method of measuring the size of the aperture is exceedingly con- 
venient both for simplicity of calculation from the angle S, which 
is read on the graduated arc, and for the fact that apertures of 
any odd value may be produced at will. This will become evident 
from the following explanation of the manner of calculation. 

When the vane ach in the < figure (a) (front elevation) is turned 
through an angle 6, as measured by the graduated arc, bo as to 
take up the position ecf, each half of the vane ee or cf creates a 
sector-shaped shadow 4 a beam of light in the direction of hhe 
arrow ; is a projection of ed. It is shown again in the figure (^) 
in side elevation, where is the projection of ed. If the beam 
of light were rectangular in section, the shadow would be triangular 
in shape {e’d'o) and proportional in area to sinO, since ed, which 
subtends the angle 6, is equal to e^d^, which subtends the angle ^ 
at the optic axis, 0, for ed' and d'o are equal, since they form the 
right angle in the isosceles triangle ed'o‘, therefore edjed- 
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Uiat is, sin0 = tan(/), whence 6 being known, 4> may be 
found directly from the tables. 

Xhe beam of light, however, is circular in section; hence the 
area of any sector in the circle is proportional to the angle which 
it contains, that is, to <f> for the shadow and for the sector 

aperture. 

Only one-eighth of the whole circular aperture has been con- 
sidered, but it will be seen on cancelling common factors that the 
whole aperture at any moment is measured by 45° where 45° 
is taken to represent the fully open sector. It is convenient to 
express the apertures as percentages of the whole aperture, that is, 

' as The percentage apertures and values for log///' 

corresponding with each half-degree on the graduated arc have 
been calculated by Miss Gartha Thompson, to whom the author is 
indebted for valuable assistance throughout the inquiry. Examples 
are given in the following table: 


e. 

Sin 9 
or 

tan Ip. 


45 -<j.. 

Sector 
aperture, 
per cent. 
(45-0) 100 
.45 

Log ///^ 

log-^l- 

*45-0 

10 

0 1 736482 

9-85108 

35-14892 

78-11 

0-1073 

25 

0-4226183 

22-90981 

22-09019 

49-08 

0-3091 

40 

0-6427876 

32-73241 

12-26759 

27-27 

0-5644 

40-5 

0-6494480 

33-00163 

11-99837 

26-67 

0-5740 

41 

0-6560590 

33-27239 

11-72760 

2607 

0-5839 

55 

0-8191520 

39-32269 

5-67731 

12-62 

0-8991 

70 

0-9396926 

43-21918 

1-78082 

3-958 

1-4026 

80 

0-9848078 

44-56143 

0-43857 

0-975 

2-0111 

80-5 

0-9862856 

44-60441 

0-39559 

0-870 

2-0559 

81 

0-9876883 

44-64512 

0-35488 

0-789 

2-1031 

85 

0-9961947 

44-89078 

0-10922 

0-243 

2-6150 

85-5 

0-9969173 

44-91155 

0-08845 

0-197 

2-7065 

88 

0-9993908 

44-98255 

0-01745 

0-0388 

3-4114 


It is evident that the values in the table can be applied to 
graduating the arc on the instrument so that it may read directly 
in terms of log///', as has been done with other instruments. 
This is convenient where it is intended to use the instrument for 
routine work only, but for versatile research, and especially where 
it is desired occasionally to elaborate a particular part of an 
absorption curve, the freedom conferred by the ordinary scale and 
tables will be appreciated. There is, however, no difficulty in 
providing both scales on the same arc. 

The effect produced by the size of the shadow cast by the vane 
being a function of the sine of the angle through which the vane 
has been turned is significant. From the above figures, it will be 
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seen that the difference in the sector aperture produced 
constant difference of 15® in 6 decreases continuously, thus: 


Per 

cent. 

Between 10° and 25 the aperture decreases by (78-11 — 49-08) 29-03 

„ 25° „ 40° „ „ „ „ (49-08—27-27) 21-81 

„ 55° „ 70° „ „ „ „ (12-62— 3-96) 8-66 

„ 70° „ 85° „ „ „ „ ( 3-96— 0-24) 3-72 

A^raiu, for half-degree intervals in 0: 

Between 20° and 20-5° the aperture decreases by (58-03 — 57-09) 0-94 
,, 40° „ 40-5° „ „ „ „ (27-27—26-67) 0-60 

„ 80° „ 80-5° „ „ „ „ (0-975—0-879) 0096 

„ 85° „ 85-5° „ „ (0-243—0-197 ) 0-047 

For any of the apertures of small size, it is evident, therefore 
that a movement of the pointer on the arc over one or more 
divisions alters the size of the aperture by only a small fraction, so 
that any probable error in construction or manipulation can have 
no detectable effect on the measurement of the size of the apertuie. 

The possibility of regulating the size of the small apertures with 
such precision is a valuable advantage, since it is with these that 
much of the more important and delicate work is done. 

In an investigation of uric acid, undertaken to see' if it obeyed 
Lambert's law, it was proved that the results for all the small 
apertures down to 0'29 per cent, (reading 84-5® on the graduated 
arc and giving the value 2'53 for logl/P) harmonised perfectly 
with those found for the larger apertures. The still smaller ones 
were not quite so true, owing to a slight imperfection in the setting 
of the vanes, but this can be avoided in reproducing the instni- 
ment. 

The instrument is absolute in all its measurements. That it is 
not only so, but that it is also precise, follows from the examination 
of a standard piece of glass which was supplied by Messrs. Adam 
Ililger with their photometer for calibration purposes. The figures 
obtained are tabulated below. The two sets of values for hgljP 
are as follows: («-) those obtained by the new photometer; (5) the 
figures given by Hilger : 


Wave-length. 

(a). 

(6). 

2751 

0-281 

0-278 

2636 

0-665 

0-610 

2564 

0-919 

0-888 

2478 

1-318 

1 330 

2436 

1-605 

1-608 

2389 

1-970 

1-940 


Of the two methods, the one with the new photometer has the 
advantage of being direct and of not depending on the assuniptioQ 
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that photometry in the ultra-violet is uniform with that in the 
visible region and on the use of accessory apparatus, as in the 
method published by Hilger. In any case, the two series of results 
are sufficiently similar to one another to call for a discussion as to 
which is the more accurate expression of the phenomena. 

Considerable advantage is gained by having two sectors which 
are equal in all respects, as in the new photometer. As already 
stated, the substance can bo placed in tho first and second paths 
alternately, so that any slight imperfections in the sectors or in 
any part of the optical train will express themselves in opposite 
Hcnses in the two series of spectra; also the work will be confirmed 
and experimental error corrected at the same time. The mean of 
the two closely conconlant results must be a very near a})proxim- 
ation to the truth. 

Further, opportunity is provided for eliminating the effect of 
the solvent directly. Most of the solvents, alcohol, for example, 
crive feeble absorption spectra which spoil the accuracy of the 
extinction coefficients of the dissolved substance under investiga- 
lion. It is not altogether satisfactory to correct the absorption 
constants of the solution by subtracting those due to the solvent, 
which have been ascertained separately, and in any case it is 
laborious to do so; for example, it is not safe to assume that a 
standard curve for absolutely pure alcohol applies to commercially 
j)ure spirit. Indeed, some of the impurities commonly occurring 
ill rectified spirit are strongly absorbent of ultra-violet light. It 
is better to place in the one path a tube of the solution, and in 
front of the constant sector a similar tube filled with the same 
solvent as that used in making the solution. It is a good plan to 
have a tube of the given solvent in each of the two paths when 
adjusting the instrument, and then to replace the solvent in one 
of them by the solution in question. It is perhaps unnecessary 
to do so, but it lends a sense of satisfaction, while it adds little 
or nothing to the experimental work. It is certain that tho differ- 
ences then observed in the two spectra are due entirely to the 
substance in the dissolved state, and hence its absorption curve 
can be derived directly. There is, however, the possibility of the 
absorption spectrum being modified by the association of the solute 
with the solvent, but that is a matter for other inquiry in each 
particular case and does not affect either the general truth of the 
proposition or the operation of the instrument. 

Staple Inn BmLDiNos, 

High Holbobn, W.C. 1. 


March 3r(f, 1919.] 
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XXXIIL — The Formation and Stability of 

Compounds. Part 11, Bridged sipiio-compound^ 
Derived from GydoHexane. 

By Christopher Kelk Ingold and Jocelyn Field Thorpe. 


Introduction. 


(A) General, 


In Part I. of this series (Beesley, Ingold, and Thorpe, T., 191.5 
107 , 1080) a comparison was drawn betwe*en the conditions of 
formation and the stability of the bromo-esters of 0j3-dimethylglu. 
taric acid and cyc/ohexane-l ;l-diacetic acid. These two acids con- 
tain respectively the structures I and II, and the object with whicli 


CH 

CH 


!>c<c 


(I-) 


®*<ch!-ch:>«< 


c 

c 


(II.) 


these cemparisons were made may be indicated by reference to 
Figs, (i) and (ii), which are drawn to correspond with structures I 
and II. The question discussed was whether the forcing apart of 
the valencies [a) and {h) of a carbon atom from an inclination of 
2tan-V2 to one of fir radians, which, according to Baeyer’s strain 
theory necessarily accompanies the production of the cyc/ohexaiie 
ring, would cause the other two valencies (c) and {d) to approach 
one another. They might, it was suggested, approach one another 
in such a way as to divide the remaining space into three equal 
angles as in Fig. (iiA); or, alternatively^ they might be quite 
unaffected by the straining of (a) and ( 6 ) and remain, as Fig, (ii B) 
shows, at the normal angle of 1 tan‘'^\/ 2 . 

It was pointed out that if the first of these hypotheses, that 
represented in Fig. (iiA), were correct, and side-chains attached 
to (c) and [d) were in closer proximity when {a) and ( 6 ) were 
hound in a c^efohexane ring than is the case in Fig. (i), where ( 0 ) 
and (5) are free, then the elimination of groups or elements such 
as, for example, hydrogen and bromine as hydrogen bromide, hcni 
the side-chains of substitution products of cyc/ohexanediacetic acid 
should proceed with greater readiness than when corresponding 
derivatives of dimethylglutarie acid are employed. Further, the 
ring compounds fonned as a result of the elimination might be 
expected to possess a greater general stability in the former case 
than in the latter. If, on the other hand, the second alternative, 



STABILITY OF SPIEO -COMPOUNDS. PART II. 


321 


foj which Fig. (ii B) is drawn, is the correct one, there should be no 
difference in the two cas^. . 

Experimental evidence was, as a matter of fact, clearly in favour 
of the first hypothesis. Thus, for example, trans-cydohexAnespiro- 
,.)/c/opropane-l :2>dicarboxylic acid, which contains the carbon 




skeleton IV, was found to possess a distinctly greater stability than 
/rans-caronic acid represented by the outline III : 


(III) 


CH,-CH G, 

(IV.) 


C(2) 


The present paper extends the comparison to substances of a rather 
niore complex type, which contain a cyc?obutane ring joined to the 
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f7/c?opropane ring by two carbon atoms common to both. The stm,; 
tures of these coni 2 >oimds are indicated by the outlines V and VI 

fi) 


Cisi 

(V.) 


cH,.ca 


>£<U 


(VI.) 


It is apparent that the presence of the cyc/obutane ring in struc 
tures V and VI will make a considerable difference in the kind of 
effect that one might expect to observe. This can best be under- 
stood by representing the strained valencies according to a graphical 
method which depends for its rational basis on the following con- 
siderations. 

In Fig. (iii), wliicli is drawn to correspond with formula ITT tlje 


io axit 



rirj 1* 



Cew'iG ^ ^ ftr «<j. 



carbon atoms of the cyc/opropane ring are represented as ])oint8 at 
tile corners of an equilateral triangle. Now in the case of sucli a 
compound as ethane it can scarcely be doubted that the resultant 
of the attracting forces which bind the two carbon atoms together, 
that is to say the vale jcy, is directed along the straight line joining 
the centres of the carbon atoms. With cyc/opropane, however, the 
case is different. For here, according to the strain theory, we have 
each one of the carbon atoms of the ring reacting on those of its 
valencies which participate in the ring in such a way as to i(^nd to 
make them emanate from the atom in directions inclined to one 
another at an angle of 2 tan- V 2. If the carbon atoms were 
entirely successful in bringing about this result, then, since two 
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valencies emanating from the same carbon atom at an angle of 
2tau'V2 have to reach the two remaining corners of the equi- 
lateral triangle, it is clear that the only way in which they could 
do so is by describing curved paths. The simplest curve which, in 
these circumstances, a valency could describe would be the arc of a 
circle each of the terminal tangents of which makes an angle of 
tairV2 with the median through the corresponding corner of the 
equilateral triangle. This path is drawn in the case of the valency 
(3 :1) in Fig. (iii). It represents a state in which the carbon atoms 
would be entirely free from distortion of the kind we are consider- 
i]ig, the whole being borne by the valencies ; that is to say, the physi- 
cal stress would reside solely on the inter-atomic medium in wliicli 
the forces of valency are propagated. The valencies will, however, 
on their part, tend to reduce their potential energy by shortening 
their paths, and if they completely succeeded would stretch them- 
selves elong the straight lines joining the carbon atoms. This 
would throw the whole of the strain back on the latter, since now 
the initial directions in which the ring- valencies leave a carbon 
atom are inclined, not at 2 tan- V 2, but at 7r/3. It is probable, 
therefore, that an equilibrium of stresses will be set up, and that 
the valencies will occupy paths which lie between the straight lines 
and the limiting arcs, the arrangement being of such a kind as to 
cause part of the strain to be taken up by the distorted carbon 
atoms and part by the bent valencies. 

Experimental support can be claimed for this view. For in 
Part I. there were recorded experiments which yielded decided evi- 
dence that part at least of this kind of strain is actually taken up 
by the carbon atoms. In particular, it was shown that, when two 
valencies of a carboii atom are bound in a cyclohexane ring, groups 
attached to the other two valencies apparently take up an altered 
relative position. It is obvious that this could never happen if the 
strains existing in the c?/c/ohexane ring resided solely on the valen- 
cies participating in the ring, none at all being borne by the carbon 
atom which carries the side -chains. Similarly, strains existing in 
one ring of a sp*ro-compound could not possibly make themselves 
felt in the second ring unless communicated by a spirane carbon 
atom, which itself is in a state of strain. According to the experi- 
ments described in Part I., such communication of strain across the 
spirane carbon atom appears actually to take place, and one can 
only conclude therefrom that the spirane atom itself is by no means 
in an unstrained condition. 

If it be true that part at least of the strain of the cyclohexane 
img IS actually taken up by the carbon atoms, then regarding the 
niatter from the graphical ixiint of view, we may say that the 
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valencies of the cyciJohexane ring, and presumably of any 
alicyclic ring, occupy paths which are distinctly flatter than the 
limiting arcs the terminal tangents of which meet at the normal 
angle 2 tan~'V^2. 

On the other hand, it will be shown in the present paper that it 
is more difficult to close the cyc^obutane ring in the formation of 
certain bridged-^piro-compounds of the type VI (p. 322) than it ig 
in the formation of corresponding bridged-ring compounds of the 
type V (p. 322). Further, the former, when obtained, are less 
stable than the latter in certain specific positions entirely in accord 
with the views here put forward. If the stresses existing in the 
c^c/ohexane ring can be communicated to the cyc/obutane ring, or 
to side-chains attached to the cyclopropane ring before the ajvlo- 
butane has been closed, then it follows that the valencies of the 
cyclopropane ring, as well as the spirane carbon atom, must tab 
part in the transmission of stress. With entirely unstrained valen- 
cies this is inconceivable, and one is therefore forced to the conclu 
sion that the valencies themselves are strained. 

The graphical aspect of this is that the valencies concerned, and 
therefore probably all ring-bound valencies, must occupy paths 
which are not straight lines, which are, in fact, distinctly curved. 
The curvature of such a path will, as we have already seen, be less 
than that of the limiting arc the terminal tangents of which meet 
at 2fcan-“V^ therefore be regarded as lying 

somewhere between a straight line on the one hand and a limiting 
curve on the other. 

Exactly where the position of equilibrium of a particular valency 
lies, and what the precise shape of its true path is, it is impossible 
at present to say ; but the view that the true equilibrium-patli lies 
somewhere between the rectilinear path, which repre.sents the limit- 
ing case in which the valency is unstrained, and the curved path 
which h lands for the other limit in which the wliole of the distortion 
resides on the valency and none at all on the carbon atom, affords 
a simple, and, so far as it goes, a fairly adequate hy|X)thesis in 
regard to the facts observed. If we accept the point of view that 
the more strained a is the more prone it is to break, then 

among the factors which determine the equilibrium of strain -distri- 
bution will certainly be found the number of group attached to the 
carbon atoms concerned; for the tendency which ring compunds 
have to undergo fission between quaternary carbon atoms is well 
known. The electrochemical character of the substituents will, of 
course, be another determining factor. 

Thus it would seem that there are three causes affecting the 
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stability of any valency which participates in a fully reduceil 
aiioyclic structure; 

(1) T^ie number of carboJi atoms in the ring, 

(2) The character and mode of attachment of any attaclied rings, 
and 

(3) The number, distribution, and character of the substituent 
groups. 

In regard to the first of these causes Baeyer^s simple conception 
has had a very great degree of success in explaining the broad facts ; 
so much so that one cannot but accept it as an approximation to 
the truth. In its elemental form, however, it does not consider 
tlie question as to whether the atoms or the valencies are the seat 
of the postulated strain, and, consequently, is not in a position to 
take into account the mode of operation of causes (2) and (3), which 
present us with two unsolved problems. The series of which this 
paper is Part II. is an attack on the former of these. In regard 
to the latter all that can at the moment be said is that the present 
considerations lead to the view that whilst causes (1) and (2) deter- 
mine the maximal strain or curvature which any particular valency 
can be called on to bear, cause (3) operates in such a way as to 
settle exactly what fraction of that maximum it shall bear. 

The uncertainty which surrounds the operation of cause (3) con- 
stitutes a difficulty which one meets with in planning experiments 
with a view to study the mode of action of cause (2). If, however, 
one is careful only to compare substances in which similar, and 
similarly situated, substituent groups are present, the strain on a 
valency may fairly be taken to be measured by the greatest strain 
which that valency could be called on to bear in the limiting equili- 
brium. It will actually, of course, be just a fraction of this, but 
if the groups are alike it will be the same fraction for all the 
substances. In such cases, therefore, the strain existing on a 
valency is, from the graphical point of view, measured by the degree 
of curvature of the limiting curved path. 

Pig. (iii), p. 322, is an application of this method to the cyclo- 
propane ring structure III (p. 321), and has already been men- 
tioned. The limiting curve for the valency (3:1) is drawn. Its 
terminal tangents make angles of tan“^V^2 with the corresponding 
medians, and its curvature, taking the side of the triangle as unity, 
is V2"'-iv/3. 

Applying the same method to the eyc/ohexane-5p?rocyc^opropane 
structure IV (p. 321) we obtain Fig. (iv) (p. 322), in which, for 
reasons referred to at the beginning of this paper and given in 
<letail in Part T., the terminal tangents of the limiting curve of the 

VOL. CXV. 0 
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valency (3:1) are drawn to make angles with the correspondin 
medians less than the normal value tan-i>/2 by, say, p radiati; 
The curvature of this curve is less than that of the curve in Fig. 
by about a figure which may be taken as a measure 

of the increase in stability of the bond (3:1) which was proved 
experimentally in Part I. 

The structure V (p. 322) is interesting as exhibiting a difference 
in exactly the opposite sense. The fact that two of the valencies of 
the carbon atom (1) are held in a cyc/obutane ring will, according to 
the views put forward in Part I., tend to make the initial directions 
in which the other two valencies leave the carbon atom spread out 
in such a way as to form angles with one another and with the c^c/o. 
butane-ring -bound valencies greater than would be the case if the 
cycfobutane ring had not been closed. This will involve an increase 
in the initial divergence of the valencies (1:4) and (1:5). The 
limiting arc between the carbon atoms (5) and (1) is therefore 
drawn (Fig. v, p. 322) to suit terminal tangents inclined to the 
corresponding medians at angles which are greater than tan*-y2 
by, say, q radians. The curvature is therefore greater than 
\/2“J\/3 by about J(7-2\/6)^. 

The point of present interest is, of course, to see how a bridged- 
ring compound of the type V compares with a bridged-sjM>o-com- 
pound of the type VI (p. 322), It will be observed that in the 
latter case the limiting curve for the valency (5 :1) cannot possibly 
be symmetrical. For whilst the carbon atom (5) is, on account of 
the cyc/ohexane ring, tending to reduce the angle which the ter- 
minal direction of the curve makes with the median to the value 
tan“i\/2-p radians, the carbon atom (1), as a result of its being 
involved in the cyc?ohutane ring, is endeavouring to enhance the 
corresponding angle at that end of the curve to tan-V^t? 
radians. The true curve, therefore, will lie between the dotted arcs 
of curvatures v^2 — ^v^3 — p/ 6(7 — 2 \/ 6) and 

V^2_Jv'3 + g/6(7-2v'6), 

approximating to the inner arc near the carbon atom (5), and to the 
outer near the carbon atom (1). Such a path, it is clear from 
Fig. (vi) (p. 322), feust contain a region of comparatively great 
curvature, and we may therefore expect the bond (5 : 1) in bridged* 
spjftHJompounds of the type VI (p. 322) to be noticeably less stable 
than the same bond in corresponding compounds of the bridged- 
ring series V. 

The effect just noticed will, of course, be by far the greatest which 
the cyclohexane ring could be expected to have on the attach^ 
dicyclic system. The reactions on tlie bonds (1:2) and (1:4) will 
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be next in importance, but of the second order. It is, liowever of 
interest briefly to examine them. The fact that the liniitiug curve 
of the valency (5:1) is, on the whole, depressed below the arc which 
corres^uda with the limiting curve of the same valency in Pig. (v) 
necessitates that the true path of the same valency in Fig. (vi) is 
even near the carbon atom (1), rather less divergent from the recti- 
linear path than is the case in Fig. (v). This will involve a small 
effect on the valency (1:2) in the direction of an increase in the 
curvature of its limiting curve. The bond (1 :2) should therefore 
be slightly more strained and less stable in the series VI than in 
the series V. 

The effect of the strains in the cyc/ohexane ring on the bridge- 
bond (1 ; 4) is also of the second order, the depression of the bond 
(5:1) being the determining factor. In this case the fact that the 
bonds (1:5), (1:4), and (1:2) have their curves in different planes 
makes the geometrical construction more complicated. It would 
appear, however, that the effect should be in the direction of a 
decrease of stability, although, of course, a very slight one. 

There remains for consideration the bond (2:3). The effect in 
this case will be still smaller, of the third order in fact, and prob- 
ably beyond the limits of detection. It should be in the direction of 
an increase in stability. 

It may be stated here that the results of the experiments 
described in this paper are in the most complete accord with all the 
above conclusions. 

The most striking fact which emerged during the experimental 
study was the marked decrease in the stability of the bond (5 ; l),of 
compounds of the type VI, when compared with corresponding sub- 
stances of the type V (see sections C, D, and G). The fission of this 
bond was brought about with great ease in certain substances of 
the former type by alkaline reagents which appeared to be without 
effect on the latter. This is in agreement with the first of the main 
conclusions reached as a result of the conception of flexible 
valencies. The agreement is particularly interesting in this case, 
for whereas in the comparison of the cyc/opropane derivatives of 
types III and IV (p, 321) carried out in Part I. it was found, in 
agreement with the requirements of theory, that the cycfohexane 
ring had a stabilising influence, in the bridged series V and VI the 
hypothesis leads us to anticipate exactly the reverse. 

Definite experimental evidence (section B) was also obtained on 
the effect on the bond (1:2) of the presence of the cyc/ohexane ring 
in the «piro-campounds. The expected effect is in the nature of 
an increase in strain, that is, a decrease in stability, and is small in 
magnitude. Actually we were not able to find a reagent which 
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would break this bond in a compound of the type VI (p. 322), aji,; 
would not also break the same bond in one of the tyj)e V. Xliis 
was, at any rate, in part, due to the fact that it did not appear 
to be possible to break the bond (1:2) in the series VI without 
first breaking the less stable bond (5:1). This, so far as it goes^ 
is valuable, as it indicates that the effect of the cyclohexane ring 
on the bond (1 : 2) is of a smaller order than the effect on the bond 
(5:1). Fortunately, there is, however, a more precise and more 
delicate method of experiment. The cyc^ohexane^jwrodicycfopen- 
tane structure VI was, in our experiments obtained from cyclo- 
hexane- 1 : 1-diacetic acid by a method which involved first the clos- 
ing of the cyc/opropaiie ring, and then of the cycZobutane ring, by 
the establishment of the bond (3:4). Now the additional in- 
stability wliicli we have been led to expect the bond (1 :2) in the 
.\ 7 >/ro-structiire VI to exhibit is due to the tendency which there 
is, owing to the cyc/ohexane ring, for the angle between the bonds 
(1 :4) and (1 :5) to increase. It is obvious that this tendency will 
have greater effect if the bond (3 ; 4) has not been established than 
would be the case if it had, for in the former case the tendency will 
not be resisted by the strained bonds of the cycfobutane ring. The 
result will be to magnify the effect by drawing further apart the 
carbon atoms (3) and (4) to an extent which might quite well be 
sufficiently great to make it appreciably more difficult to close the 
cyc/obutane ring in the series VI than in the series V, A set of 
comparative experiments, made in order to discover whether such 
an effect could be detected, revealed its existence very clearly. The 
interest of these experiments lies in the fact that they show that the 
stresses in the cyclohexane ring have been communicated to the 
bond (1:2), a phenomenon which would seem necessarily to involve 
the assumption that the bond (5:1), as well as the carbon atonij 
(5) and (1), are in a state of strain. 

With regard to the bond (1:4) in the structures V and VI 
(p. 322) there is available quite a good method of experiment, since 
sodium amalgam readily breaks this bond in certain substances 
belonging to these types without attacking in the slightest degree 
any of the other bo^^'^s in the molecules (see section E). The reduc- 
tions occupy several hours, and can readily be conducted at con- 
stant temperature and under comparable conditions. By making 
comparative experiments along these lines it was discovered tliat. 
although the reactions proceeded in much the same way in the tflrf) 
cases, there was a considerable difference in the reaction velocities, 
the reductions proceeding more rapidly in the bridged-SF^-senes 
VI than in the bridged-ring-series V. This is in agreement with fiif 
conclusions already reached on theoretical grounds (p. 327), but Jt 
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has also some interest from auotHlr point of view. It nn^ht be 
thought possible that valencies are so extremely elastic as^to he 
capable of stretching as well as of bending. If that be so, the 
valency (1 :4) ought to be less stretclied out in the structure Vl in 
whicli the c^c/ohexane ring is tending to reduce the angle at wliich 
tj,e bonds (5:1) and (5:4) emerge from the spirane carbon atom 
(5), than in the structure V, whicli contains no ■ c//c/ohexane rin« 
Any such difference in the degree of elongation of the bond (1 :r) 
ought to manifest itself as a marked difference of stability, since 
the forces between two carbon atoms must vary as some" jiower, 
probably a high power, of the distance between them. As a matter 
of fact, the difference of stability which the reduction experiments 
reveal is in precisely the opposite sense from that which this view 
requires. This appears to us to sliow that no appreciable lengthen- 
ing occurs, and that probably all carboii-to-carbon valencies have 
the same fixed length. It may also be noticed that tlie effect 
observed is the opposite to what would be expected if the bonds 
occupied inflexible straight lines. For in this case the tendency 
which the cyc/ohexane ring has to reduce tlie angle between the 
bonds (5.1) and (o : 4) (compare Part I.) should operate in such a 
way as to increase the stability of the bond (1:4). These facts, 
therefore, constitute a strong argument in support of the conception’ 
of flexible valencies. 

There remains to be mentioned finally a set of experiments wliich 
were underUken in order to obtain information regarding tlie bond 
(2:3). This bond, according to the conclusions expressed on p. 327, 
iliould be practically unaffected by the strains in the cyclohexane 
■ing. Actually we were not successful in finding a reagent which' 
vould attack this bond in a compound of the type VI, even when 
he stability of the bond was reduced by the introduction of an 
dkyl group at the carbon atom (2), without first attacking one 
>f the cyc/opropane bonds adjacent to the spirane carbon atom, 
lowever, the experiments were interesting as confirming our pre- 
wus experiences regarding tlie instability of these bonds, and were 
11 harmony with the conclusions already reached in regard to the 
asignificaiice of the effect whicli the cyc/ohexane should have on 
ke bond (2 : 3). 

In order to avoid confusion in what follows it ought perhaps to 
e pointed out that the bonds (5:1) and (5 :4) are equivalent in the 
arbon skeletons V and VI (p. 322), and only become dissimilar 
len substituent groups are introtiuced un symmetrically. This is 
ctually the case with the compounds with wliicli we have ex peri - 
'lilted, and it so happens that the bond split in all the substances 
lie 1 were subjected to fission by alkalis is, according to the method 
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of numbering employed throughout, the bond (5:4), not the bond 
(5:1). This, it is clear, invalidates nothing, and, in fact, the agree, 
ment would be formal as well as actual if in the formulae wliicli 
follow we had numbered the dicyc/opentane ring the other way 
round. The objection to doing this is that one would then meet 
with the same lack of formal consistency in regard to the bonds 
(1:2) and (3:4). 


(B) Formation of the Bridged-ring Systems Y and YI (p. 322): 
Closing of the cydoButane Bond (3:4). 

Some time ago, in a paper published by one of us in conjunction 
with W. H. Perkin (T., 1901, 79, 729), it was shown that when the 
dibromchcster of jSjS-dimethylglutaric acid (YII) was treated with 
ethyl malonate and sodium ethoxide, condensation took place in two 
stages, the ultimate product being an insoluble, yellow sodium deriv- 
ative of ethvl dimethyldicyc^opentanonetricarboxylate (IX). It wa? 

CHP^'^CHBr-COjEt CH.^^^CH-COjEt 

(VII.) (vni.) 

(.H,v.^^C(CdiEt)-C:C(ONa)-OEt ' 

ethoxide CHg C(CO,Et)*C(^ 3 ) 

(0 

(IX.) 


therefore to be expected that if cycZohexane-l : l*diacetic acid were 
used in place of dimethylglutaric acid a similar condensation would 
ensue : 




HBr-(X(jEt 

HBr-COjEt 


(X.) 


ethyl sodio- 
> 


malonate 


„„ „^V(CO,Et)-CH(CO,Et) 


sedinin 
> 


(XT.) 


> (2} 

' <V9(CO,Et)-C:C(0Na)’0B 

^“2^CH,-CH,'^“^C(CO,Et)-COo) 


(XII.) 


The sodium derivatives IX and XII clearly belong respective!; 
to the types V and VI (p. 322), and it was therefore decided It 
make their formation and decompositions subjects of compansos. 

It was found possible to prepare the sodium ^ptroHjompoun 
fXII) direct from ethyl dibromocycfohexanediacetate (X) ande J 
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s^ioinalonate under the same conditions as are employed in pre- 
paring the sodium ring compound (IX) from ethyl dibromodi- 
methylglntarate (VII). Direct comparison of the two condensations 
is, however, complicated by the fact that, whilst ethyl dibromo- 
dimethylglutarate (VII) can readily be obtained in a state of purity 
by distillation, the corresponding cyclohexane derivative (X) decom- 
poses when distilled. We were therefore forced to use a crude 
bromination product containing only 76—80 per cent, of the 
dibromo-ester. Nevertheless, the difference between the two cases 
is significant. Two experiments, one with the brain oester of 
(limethylglutaric acid, and the other with the bromo-ester of cyc/o- 
hexanediacetic acid, carried out under comparable conditions 
(except that sufficient excess of the crude cyclohexane ester to allow 
for the impurities was used), gave in the first case a 62 per cent, 
yield of the sodium compound (IX, p. 330), and in the second a 
13 per cent, yield of the sodium spiro-compound (XII, p. 330). 

In order to make the comparison more definite, the tetraethyl 
ester XI (p. 330) was prepared in a state of purity. The internal 
condensations of the esters VIII and XI (p. 330) with alco- 
holic sodium ethoxide, whereby alcohol is eliminated and the 
bridged structure formed, were then carried out in a series of 
experiments made under comparable conditions. Several pairs of 
parallel experiments were made, in which the two esters were boiled 
with alcoholic sodium ethoxide under standard conditions for dif- 
ferent lengths of time, at the end of which the insoluble sodium 
compounds were collected and weighed. The results are given in 
the experimental part of this paper (p. 359). The figures for the 
yields in the two cases lie upon fairly smooth but widely divergent 
curves (Fig. vii). These curves clearly show that the velocity of 
formation of the bridged-ring structure is much greater than the 
velocity of formation of the spirocom pound. The times required 
for a 20 per cent, conversion are in the ratio of approximately 
10 to 1. An examination of the curves shows that, if x is the yield 
(per cent.) and ^ the time, the quantity — is almost 

invariable with time and has a definite positive value for each curve, 
being about 0‘97-i hours for the bridged-ring compound and about 
O' 33“^ hour for the bridged^p«Vo -derivative. The velocity constants 
for the formation of the sodium compounds are therefore approxi- 
mately in the ratio of 3 to 1. The best yields obtainable in the two 
cases are 77 per cent, and 38 per cent, respectively, but a longer 
time is necessary to produce a 38 per cent, yield of the spiro-com- 
pound than is required to obtain a 77 per cent, yield of the ring 
compound. The fact appears to be that the spro-ester XI (p. 330) 
m\\ only condense with itself when present in the sodium ethoxide 
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in considerable concentration. For, whereas under the experinienta' 
conditions which give the best yield (77 per cent.) of the sodio-ester 
IX, the tetraethyl ester, VIII (p. 330), almost entirely disappears 
from the reaction mixture, when the ester XI is treated so a? to 
produce a maximal yield of the sodio-^ipfro-ester (38 per cent.), then 

Fig. {vii}. 

Establishment of the hand 3 : 4. 



although longer time is allowed in this case, the conversion is found 
to be only partial, about 15 per cent, of the tetraethyl ester being 
recoverable. Yet prolonging the time of reaction does not appear 
appreciably to increase the yield of sodium compound or reduce the 
quantity of tetraethyl ester recovered. 

Tlieee experiments clearly show that it is more difficult to estab- 
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liiili the bond (3:4) of the c^f^obutaiie ring to form the .'<]>^>u-com- 
pound XII than it is in the formation of the ring compound IX. 
Indeed, the low yield of the former compound was one of the 
greatest practical difficulties of the research. 


(C) Jlydrnlytk Becoinpodtions, of the Bridged-Einy Dfrivntive^ IX 
and XII (p. 330): Stability of the cyclo/Vop«/ie Bond (4:5). 


The first evidence of a difference of stability between compounds 
of the bridged-spiVo- series VI and those of the bridged-ring series 
V (p. 322) was obtained in the course of some experiments on the 
hydrolysis of the sodium 8p?/-a-compound XII (p. 330). 

The effect of hydrolysing agents on the sodium compound IX has 
already been described in the paper with W. H. Perkin [loc. c?V.), 
and the general conclusion reached was that the end-product of the 
action of alcoholic potassium hydroxide was a mixture of the dibasic 
and monobasic acids XIII and XIV, and that tlie same two acids 


CMeo< 


C(C0.,B)-CII-C02H 

CH CO 

{XIII.) 


(XIV.) 


were formed by the action of dilute sulphuric acid. The dibasic 
acid XIII when heated with water in a sealed tube was found to 
yield the monobasic acid XIV. 

On experimenting along these lines with the yellow sodium spiro- 
compound XII (p. 330) it soon became apparent that the spiro- 
compounds were behaving very differently; tlie hydrolytic products 
were therefore investigated in some detail. 

When the yellow sodium spiro-compound XII was treated with 
cold dilute acid a colourless, solid ester, C] 9 H 2 eO; (XV), was pro- 


c,H,o:c< 


C(C02Et)-CH-C02Et 

C(C02Et)-C0 

(XV.) 


duced. This ester could be transformed by cold alcoholic potassium 
hydroxide into the yellow potassium salt, XVI, and thence by acids 
into the colourless acid-ester, XVII. 


. C(CO,K)-C:C(OK)'OEt 
‘“i"'^<6(C02Et)-C0 
(XVI.) 


C,H,;C< 


C(C0»H)-CH'C02Et 

C(CO,Ec)'CO 

(xvir.) 


Regarding the question as to which of the three carbethoxyl 
groups has been attacked by the reagent, it is clear that it cannot 
be that attached to the carbon atom (2) ; for if it were, the forma- 

0 * 
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tion of a yellow, insoluble potassio-compound so very similar to 
original sodium compound would be exceedingly improbable. The 
fact that it is the l-carbethoxyl group, and not the 4-carbethoxyi^ 
which has been attacked follows from the production by furthei 
hydrolysis of the acid -esters XVI II and XXI, about the constitu- 
tion of which no doubt exists. 

The first product of the action of boiling alcoholic potassium 
hydroxide on either of the compounds XVI or XVII was a colour, 
less, very readily soluble potassium salt of the ethyl dihydrogen 


ester XVIII: 


rn .p^C(C 0 ,H)-CH. 003 H 
Et)*CO 
(XVIII.) 


The constitution of the acid-ester XVIII follows from the fact 
that it is obviously formed by the hydrolysis of the metal-substi- 
tuted carbethoxyl group in the yellow potassium compound . of tbe 
diethyl hydrogen ester. The other possible formula (XIX) of the 
diethyl hydrogen ester would give an ethyl dihydrogen ester of the 
constitution XX. The formula XX was, however, easily shown to 




:(CO,Et)*CH'CO,Et 

■{C02H)“C0 

(XIX.) 


(XX). 


be incorrect by an experiment on the effect of treating the substance 
with acetyl chloride. With this reagent it readily yielded an anhy- 
dride, which, on treatment with water, furnished the original acid- 
ester. 'fhese facts clearly favour formula XVIII, in which the free 
carboxyl groups are attached to contiguous carbon atoms, and rules 
out the alternative formula XX. We must also regard XVII as 
the true formula of the diethyl hydrogen ester, since a substance 
of the formula XIX could not possibly yield the ethyl dihydrogen 


ester XVIII. 

The acid-ester XVIII can also be produced from the tnetb}] 
ester XV (p. 333) by hydrolysis with hydrochloric acid. Indeed, 
up to this point hydrolysis with alcoholic potassium hydroxide and 
with, hydrochloric acid proceeds along the same lines. The first 
product of the action i boiling hydrochloric acid on the ester X\ 
is the diethyl hydrogen ester XVII (p. 333), which, by continued 
action of the same reagent, is converted into the ethyl dihydrogen 

ester XVIII (above). , 

The further action of hydrochloric acid causes the substance to 
decompose simultaneously in two ways, losing, in the one case, a 
carboxyl group, and in the other a carbethoxyl group. The groups 
eliminated will, of course, be those in the positions (2) and (4) con 
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tiguous U> the carbonyl group, and the products must therefore 
possess the constitutions XXI and XXII : 


C.H, 


0(C0,U)-CH, 

^C((X),Et)-CO 


(XXI.) 




(XXII.) 


These formulae are in complete accord with the properties of the 
substances. The acid-ester XXI, for example, melted without 
decomposition and gave no coloration with ferric chloride, showiiw 
tliat the free carboxyl group is not adjacent to the carbonyl group, 
and that the carboxyl group which was attached to the carbon atom 
(2) in the acid-ester XVIII has been removed. The dibasic acid 
XXII, on the other hand, melted with decomposition, gave a crim- 
son colour with ferric chloride, and when treated with acetyl 
chloride gave an anhydride from which the original acid could be 
regenerated by treating with water. These facts clearly establish 
formula XXII. 

The formation side by side of the acids XXI and XXII does not 
constitute quite the final stage of the hydrolysis by hydrochloric 
acid of the ethyl dihydrogen ester XVIII (p. 334). For the acid- 
ester XXI on prolonged boiling with hydrochloric acid loses its 
4-carbethoxyl group, yielding the monocarboxylic acid, XXIII: 




(XXIII.) 


The dibasic acid XXII, on the other hand, was not changed appre- 
ciably even on boiling for eighty-seven hours with hydrochloric acid. 
The final product of the action of this reagent on the acid-ester 
XVni was therefore a mixture of the dibasic acid and the mono- 
basic acid (XXII and XXIII). 

Further, the dibasic acid XXII was readily converted into the 
monobasic acid XXIII by heating for a few minutes at 200° with 
water. All the acid-esters (XVII, XVIII, and XXI) of the series 
reacted at this temperature with water, giving the same monobasic 
a-cid, usually in very good yield. The neutral triethyl ester XV 
(p. 333), however, required the presence of a trace of an acid, such 
as acetic or hydrochloric acid, in the water. The presence of a small 
quantity of butyric acid even was found to be quite sufficient, so 
tliat in the cases of the acid-esters the reaction is in all probability 
autocatalytic, the catalyst being the hydrogen ions produced initially 
y the electrolytic dissociation of the acid-esters themselves, and in 
tile later stages of the reaction by the dissociation of the mono- 
arboxylic acid XXIII or of carbonic acid. In the case of the 

0 * 2 
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triethyl est^r it is necessary artificially to introduce some hydrogeu 
ions in order to start the reaction. . 

Alkaline hydrolysis of the acid-ester XVIII (p. 334) proceeded m 
quite a different direction, the product being an acid of the formula 
C II 0 This substance is a dibasic acid. It is not an aldeliydf, 
,nd '^ntains no lactone ring. It is therefore a fission product 
formed by the breaking of one of the bonds (1 ; (1 .4), (1 :i)), nr 

(4 of the dicyclic system : 


Vcn 


/(;'(COiH)— CH— CO,H 




-C(COsH)— COoi 


One of the three carboxyl groups originally present in the molecub 
has been lost, and, since the substance gives no colour reaction will, 
ferric chloride it is to be presumed that it is the carboxyl groop 
attached to the carbon atom (2) which has disappeared. The ques 
tion as to which of the four possible bonds has been broken is settW 
very clearly by the properties of the substance, Thus fission of tlie 
cyiobutone ring at the bond (1:2) should yield either a derivative 
cltaining an open^hain acetoacetic acid residue or a hydroxyconv 
pound capable of forming a ydactone, according to the way ,n whicl 
the elements of water are added to the molecule at the point u 
fission The substance actually obtained was found to be reraarh 
ably stable towards boiling alkalis and showed no tendency to pas 
into a lactone. On the other hand, although a (run.a-acid it lor» 
an anhydride with the greatest ease. For this, reason it may 
safely assumed that the 1- and the 4-carboxyl groups are attae rf 
to contiguous carbon atoms, and that the bridge-bond {1.4)li - 
reraained intact. The bond which has been broken is therefor 
of the c/dopropane bonds (1 -.5) and (4 and since the sutea« 
is not a -/-hydroxy-acid, it must have one of the two tolloai . 

formulse - 


c,,Ui,;cH-c<^^,^^>co 


COjH 

(XXIV.) 


CO,H 

CO,H 

(XXV.) 


Although both these formute are in harmony with the pr'iF'** 
of the substance, there can be little doubt that 
not formula XXV, is correct for this 
xxril (p. 335) does not undergo fission with alcoholic p 
hyloxide The fission therefore' seems to be connected with 
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quaternary carbon atom in the position (4). If this be so it is 
reasonable to assume that splitting takes place at a point adjacent 
to this carbon atom. An indirect but interesting confirmation of 
this conclusion will subsequently be referred to (p, 345). 

Tlie substance to, which the formula XXIV has been assigned 
separates from water with two molecules of water of crystallisation. 
The anhydrous compound when heated at 250° was found to pass 
into an anhydride which gave with water a new dibasic acid, also 
of tlie composition This did not take up water of 

crystallisation and melted with the immediate elimination of water- 
vapour. On boiling with hydrochloric acid, it was quantitatively 
converted into the isomeride previously mentioned. These relation- 
ships clearly indicate that geometrical isomerism of tiie cu-imnst- 
type is here being encountered, both the acids having tlie 

structure represented by tlie formula XXIV, which clearly requires 
tlie existence of this kind of isomerism. 

The relationships between the various substances obtained by the 
hydrolysis of ethyl cycfohexane!>7«Vodic//c^opentanoiieiricarboxylate 
and of its sodium derivative are collected together for convenience 
ill table I. 

Tn order to study more closely the contrast presented by the 
hydrolytic reactions in the dim ethyl dicyc/ojientane and the cf/eJo- 
hexaiiespfrodic?^c?opentane series, a number of direct comparative 
experiments were made in order to determine the relative speeds 
at which the acid-esters of the two types decomposed in the presence 
of alkali. The substances chosen were the ethyl dihydrogeii 
ester, XXVI,* and the analogous substance in the b ridged - 


CH, 

ch: 


3>c<V(CO.H) 


CH-COoH 


C(C02Et)‘C0 

(XXVI.) 


•''y/o-o-series, namely, the acid-ester XVIII (p, 334). The bridged- 
ring ester XXVI decomposes under the prolonged action of boiling 
alcoholic potassium hydroxide, yielding the monobasic acid XIV 
(p. 333). The bridged-spb'o-ester XVIII, on the other hand, 
undergoes fission with the same reagent, giving the cyc^ohexyl- 
cyc/obutane acid XXIV (p. 336). 

There is, however, a remarkable difference in the ease with which 
the two reactions proceed. Thus in one pair of parallel experi- 
ments made under comparable conditions, the acid- ester XVIII 
of the bridged-spiro-series gave an 85 per cent, yield of the fission 


This substance was not isolated during the earlier research. Its 
properties and mode of formation are therefore given in a note at the end of 
the experimental part of this paper. 




HO^a 01 lios 


Efc 

(M. p. 20«* dec,. I>'oCla violet.) 
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product, whilst, on the contrary, the bridged-ring acid-ester XXVt 
was recovered unchanged to the extent of 93 per cent., only ^ 
trace of the monocarboxylic acid being isolated. No fission prrv 
duct of the dimethyIdicyc?opentane series was isolated in the course 
of these experiments. 

These experimental comparisons are interesting as showing the 
extraordinary facility with which the bond (4:5) in the bridged- 
spiro-sevies is broken. They have, however, interest from another 
point of view. For if they had not been made it would have 
been possible to advance an explanation of the difference in the 
ease of fission of the bond (4:5) in the two series, based, not on 
the strain effects of the cyclohexane ring, but on steric hindrance 
caused by the attached groups. It has already been noticed that 
it appears to be necessary to have a quaternary carbon atom in 
the position (4) in order to bring about the fission of the bond 
(4:5) by alkalis. One might assert, therefore, that in the bridged- 
.vy/TO- series the group attached to the carbon atom (5) has 

the effect of preventing the elimination of the 4-carbethoxyl group, 
The carbon atoms (4) and (5), therefore, both remain quaternary 
in the presence of the alkaline reagent, and splitting occurs between 
them. One would have to assume, of bourse, that, although the 
steric effect of the group attached to the carbon atom (5) is 

sufficiently powerful to prevent the attack of the reagent on the 
4 -carbethoxyl group, yet, for some reason unknown, it does not 
inhibit the attack of the same reagent on the bond (4:5). In the 
bridged-ring series, on the contrary, the (C 113 ) 2 • attached to 

the carbon atom ( 5 ) might not have any appreciable steric effetl. 
Splitting, therefore, might not take place in this case owing to the 
fact that when the acid-ester XXVI (p. 337) is treated with 
alcoholic potassium hydroxide, the 4 -carbethoxyl group is so quickly 
eliminated that the carbon atom (4) becomes tertiary before the 
reagent has had time to react appreciably on the bond (4:5). 

We were of the opinion at one time that there might be some 
truth in this way qf explaining the phenomena, and it was the 
desire to test this hypothesis that furnished our chief motive for 
undertaking the con para tive experiments with the acid-esters 
XXVI and XVIII. It will be seen, however, that the experi- 
ments effectively dispose of this explanation, since they show that 
the 4 -carbethoxyl of the acid-ester XXVI is not at all readily 
eliminated under the experimental conditions employed. 'I'V® 
consider this to be strong evidence that the bond (4:5) in the 
bridged- 5 p?>o-series is actually under considerable strain, muc 
more so than in the bridged-ring series, and that the fission reac- 
tions are not to be accounted for as secondary phenomena dne 0 
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st«ric hindrance or other such causes. Several other examples of 
the splitting of the bond (4 : 5) in the bridged-spro-series will sub- 
sequently be given (sections D and G). 


(D) Hydrolytic Decomyositiom of the MethyJaimi Product!^ of the 
‘Bridged-ring Derivatives IX and XI I (p. 330): t^tahdiiy of 
the eyf^oProyane Bond (4:5) and of the cycioBitfane Baud 
(2:3). 


In the paper on bridged-ring derivatives, to which reference 
has already been made, interesting results were obtained by methyl- 
ating the yellow sodium compound IX (p. 330) and subjecting the 
methyl derivative to alkaline hydrolysis. It was found that the 
entrance of the methyl group at the carbon atom (2) in XXVII 
created a point of instability between the carbon atoms (2) and 
(3), and that fission took place with the formation, apparently, of 
the cyrfopropane acid XXVITT, which then underwent a second 
fission, giving the dibasic lactonic acid XXIX. 


CH.s /C(C02Et)-CMe-C02i:t 

\(^/ j ... j . 

CHg/ \u(CO,Kt)-(JO 

(XXVII.) 


CH, 

CH' 


/C{CO,H)'CHMe*COjH 


\CH-CO,H 

(XXVIII.) 


— ^ 


CHg. /C(C02H)-CHMe’C02H 

- - 

cb/ ^CH/CO-O 

(XXIX.) 


The sodium ^yy/Vci-compound was quite readily methylated by 
moans of methyl iodide. When the ester th\is obtained was 
treated with alcoholic potassium hydro.xide, the principal product 
was a dibasic lactonic acid, evidently a double- fission product, 
which, however, did not appear to be constituted analogously to 
the lactonic acid XXIX. 

It would appear that there are two quite probable ways in which 
hydrolytic action might proceed. In the first place, the attack on 
the ester XXX might commence at the bond adjacent to the 


/C(CO2Et)‘CM0-CO2Et 

,o:c( I . I 

^0(C05Et)'CO 


\(T 


/C{C0jH)-CHMe-C05H 


(XXX.) 


CH'COjH 

(XXXI.) 


n/ 


C(C 02 H)-CHM 6 ' 005 H 
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methylated residue and ^ve as the first product a spirocyck. 
propane acid XXXI, which, is similar to XXVIII, and would 
ultimately yield a lactonic acid XXXII strictly analogous to 
XXIX. 

On the other hand, we know that the cyclopropane bond (4:5^ 
is a very vulnerable point in the molecule of the unmethylated 
ester XV (p, 333), and it can scarcely be supposed that the 
entrance of a methyl group at the carbon atom (2) would stabilise 
it to any marked degree. If, in spite of the weakening of the 
bond (2 : 3) by the methyl group, the bond (4 : 5) still remains the 
most readily attacked part of the molecule, we should expect from 
the behaviour of the unmethylated ester to obtain a cyc/ohexyl- 
cyc/obutane acid XXXIII, which would then split again, this time 
across the bond beside the methylated residue, giving ultimately 
a dibasic lactonic acid of the formula XXXIV. 


COjEt 


COjH 




C— CMe'CO.H 




CO,Et 

(XXX.) 


/C CMe'CO.H 

CXOH)-CO 

COjH 

(xxxm.) 

COgH 


— ^ 


/C~CHMe*Cq*0 


CH'COgH 

(XXXIV.) 


In seeking evidence to enable us to decide between the formiil* 
XXXII and XXXIV, we made a study of the conditions of 
anhydride formation of the substance. It will be noticed that both 
formulse represent substances which, as they have carboxyl group? 
attached to contiguous carbon atoms, ought easily to form 
anhydrides. A substance of the formula XXXII would, however, 
belong to the type of aa^-dimethylsuccinic acid, which yields two 
stereoisomeric anhydrides corresponding with the two stereoisomeric 
acids (Bone and Perkin, T., 1896, 69, 266). The trans-md on 
treatment with acetyi chloride gives a ^mws-anhydride, which on 
distillation passes into the anhydride of the m-acid, as shown in 
Scheme 1. • 

, -H2O +H2O 

^raTW-Acid iraws-anhydride — >- cw- anhydride ci.s-acid. 

+H20 * -H2O 

Scheme 1. 

The lactonic acid XXIX (p. 341), to which XXXII is strictly 
analogous, actually does form two anhydrides related to one 
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another and to their acids in, this way. Consequently, a substance 
of the formula XXXII should do the same. 

On the other hand, in formula XXXIV, the bond uniting the 
two carboxyl-hearing carbon atoms forms part of a ring, and hence 
such a substance would be expected to dehydrate in the manner 
customary with carboxylated alicyclic compounds, the tmns-acid, 
in which the carboxyl groups arc on opposite sides of the ring, 
being incapable of forming its own anhydride, but passing on 
dehydration directly into the anhydride of the cis>acid, as indi- 
cated in Scheme 2. 

-HgO +H2O 

^mns-Acid — ^ cis-anhydride cis-acid. 

-HaO 

Scheme 2. 

Experiment showed that the lactonic acid obtained by the hydro- 
lysis of the ester XXX (p. 342) actually dehydrated in accordance 
with Scheme 2. The original product of hydrolysis was the trms- 
acid. It did not eliminate water at the melting point, but was 
readily dehydrated by acetyl chloride. The anhydride formed was 
the same substance whether the product of dehydration was dis- 
tilled or not, and on treatment with water yielded the ciVacid. 
This substance melted, with the immediate elimination of water 
vapour, and was instantly dehydrated by acetyl chloride. These 
facts point most distinctly to formula XXXIV (p. 342) as repre- 
senting the true structure of the stereoisomeric acids. 

It is obvious, however, that we have by no means exhausted all 
the possible formulae in the above considerations, since either of 
the intermediate compounds XXXI and XXXIII (pp. 341, 342) 
could split and take up water in a variety of ways. Indeed, besides 
XXXI and XXXIII, there are a number of other formulse which 
the single-fission product might have. When, however, all these 
possibilities are examined, it would appear that there are only two 
formulae besides XXXII and XXXIV (pp. 341, 342) which fulfil 
the following conditions relating to the ^m^i^-lactonic acid isolated t 

(a) That it is a dibasic lactonic acid of the composition CjgHjgOg, 
forming in neutral solution a silver salt, Cj 3 HjgO 0 Ag 2 , and in 
alkaline solution a barium salt, (Ci 3 Hi 707 ) 2 Ba 3 . 

(b) That its free carboxyl groups are attached to contiguous 
carbon atoms. We regard the behaviour of the substance on 
dehydration as a proof of this. 

(c) That it is a y-Iactone. Experiment showed that there was 
an exceedingly strong tendency for the lactone ring to be formed, 
and in spite of many attempts we were unable to prepare the free 
hydroxy-acid. 
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The two formulse which, along with XXXII and XXXIV, 
the above conditions are XXXV and XXXVI. 

— c(c 0 jH)* 0 HMe‘C 03 H 

O-CO’CH* 0-C0*CHMe 

(XXXV.) (XXXVI.) 

Of these, the first, XXXV, possesses an anhydride-forming group 
exactly similar to that of the lactonic acid XXXII (p, 341). ^ 
substance of the formula XXXV ought, therefore, for reasons given 
when XXXII was considered, to behave like aa'-dimethylsucciiiic 
acid and like the acid XXIX (p. 341), and form anhydrides in 
accordance with Scheme 1. 

The formula XXXVI, on the other hand, does not contain two 
asymmetric carbon atoms inipts anhydride- forming group, and is 
therefore out of the question. 

It will be seen that, of the four possible formulae, XXXIV 
(p. 342) is the only one which accords with the facte of the case, 
namely, that the dehydration of the substance proceeds according 
to Scheme 2. 

It may he added that the c?Vlactoriic acid is converted by boiling 
hydrochloric acid into the ^mw^-isomeride, thus completing the 
cycle of transformations, which in Scheme 2 is only fragmentaiy. 

The ^TO/w-lactonic acid XXXIV (p. 342) was not the only pro- 
duct obtained by the alkaline hydrolysis of the methylated ester 
XXX (p. 342). There was always formed side by side with it a 
somewhat smaller quantity of a dibasic acid of the composition 
Both the dibasic acid and the lactonic acid appeared 
to be eiid-j|jroducts of the reaction ; that is to say, they were quite 
stable towards the reagent used in their preparation. The dibasic 
acid had properties practically identical with those of the dibasic 
acid (XXIV, p. 336), which was obtained by the alkaline 

hydrolysis of the unmethylated ester XV (p. 333). It has there- 
fore, without much doubt, been formed in a manner precisely 
analogous to that in which the acid XXIV was produced, and has 
the structure shown in the formula XXXVIL 

CO,H 

C,H,„:CH-C<^™'>CO 

CO^H 

(XXXVTI.) 

Like the parent substance XXIV, the homologous acid XXXVII 
was isolated in cis- and -forms, that originally obtained beiog 
the #ra«5-form. 
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The formation side by side of the acids XXXIV (p. 34‘i) and 
\ XXV 1 1 (p- S44) is readily explained if we accept the view put 
forward on p. 342, that the cyclopropane bond (4:5) of the 
methylated ester XXX is the first point in the molecule attacked 
by the alkaline reagent. For, if this is so, the substance XXXIII 
which is first formed may undergo disruption beside the methylated 
residue in two ways, corresponding with the two hydrolytic decom- 
positions of ethyl acetoacetate. It may either split the cyr/o- 
butane ring between the carbon atoms (2) and (3) to give the 
lactonic acid XXXIV, as shown on p. 342, or it may split between 
the methyl-bearing carbon atom and the attached carboxyl group, 
o^ivihg the acid XXXVII. 


(XXX.) 




CMeCOgH 

C(C02H)(0H)-C0 

(XXXIII.) 


C(C02H)(0H)-C0 

(XXXVII.) 


It is interesting once again to refer to the parent substance of 
which the acid XXXVII is the methyl derivative. It was noticed 
on p. 336 that formulae XXIV and XXV were equally in harmony 
with the properties of the substance, but that for reasons there 
given formula XXIV was to be preferred. We have just seen that 
the formula which follows from this for the methylated substance' 
enables us t'O explain the simultaneous production of this com- 
pound and of the lactonic acid XXXIV in a very straightforward 
manner. The alternative formula XXXVIII for the methylated 


COgH 

(jOgli 

(XXXVIIL) 

dibasic acid, strictly analogous to the formula XXV, has not this 
advantage. Such a substance could not be produced side by side 
with the lactonic acid XXXIV (p. 342), except as a result of the 
simultaneous occurrence of two totally different sets of reactions, 
also the lactonic acid which one might expect to be produced along 
with a compound of the formula XXXVIII would have properties 
different from those which the lactonic acid isolated was found to 
possess. We therefore think that we were right in selecting 
formula XXIV rather than XXV. 

The results of the experiments on the alkaline hydrolysis of the 
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raethylation product of the yellow sodium «pi>o*compound avc 
summarised in table 11. 

These experiments have an interest, inasmuch as they coufirm 
and even mnphasise, the remarkable instability of the bond (4:5) 
in the bridged'^pro-series. For, in spite of the fact that the 
entrance of the methyl group at the carbon atom (2) of the 
methylated ester XXX creates a point of instability between the 
carbon atoms (2) and (3), the reagent commences its attack, not at 
the bond (2:3), but at the bond (4:5). 


(E) Reduction of the Monocarhoxylaied Bridged-iing Berivativn 
XIV and XXIII (pp. 333 and 335). Stability of the Bri(hf(. 
bond (1 ;4). 

When the bridged-ring acid XIV is reduced by sodium amalgam, 
there is formed a cycfopentane acid XXXIX which contains two 
more atoms of hydrogen than the original acid. The reduction 
product is a ketonic acid, and on further reduction yields the corre- 
sponding hydroxy-acid XL. The fact that the ketonic acid has 
been formed by the addition of hydrogen at the bridge-bond (1:4) 
is shown (loc. cit.) by the production on oxidising with nitric acid 
of jS^-dimethylglutaric acid and as-dimethylsuccinic acid. The 
reduction is therefore to be represented thus ; 


OOfi 

^ ^ ^CH*CO 
(XIV.) 


CH,' 


(XXXIX.) 


CH. 


'>c< 


COgH 

-CH-CH, 


(XL.) 


The remarkable feature of this reaction is that the bond (1:4) is 
actually more susceptible of attack by the reducing agent than is 
the carbonyl group, and that, consequently, the bridged hydroxy- 
acid XLT cannot be isolated. 


CH 

CH 


^>c<V 


.C(CO.,H).CH, 


CH CH*OH 

(XLL) 




.C(CO,H)-CH, 
^CH CH-OH 


(XLII.) 


A series of experiments, using the monobasic acid XXIII, yielded 
precisely comparable results. In spite of careful search among the 
products of reductions carried out under varying conditions, no 
bridged hydroxy-acid of the formula XLII was isolated. 

The fir^t product of the action of sodium amalgam on the ketonic 
acid XXIII (p. 335) was a substance which contained two atoms 
of added hydrogen. It did not appear to react with acetyl chloride, 
but readily gave a semicarbazone. On subjecting it to further 
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reduction by sodium amalgam, two auore atoms of hydrogen 
taken up, and there was formed a substance which gave an acet I 
derivative on treatment with acetyl chloride. The successive reduc 
tions are therefore apparently analogous in the dimethyMicye?r> 
pentane and cyc^ohexaues/wVodieyc/opentane series, and in the 
latter case may be represented thus : 


CO^H 


CO.,H 


CH- 




(XXIII). 


CHg-CO 
(XLIII.) 




00, H 


CH,-eH'0H 

(XLIV.) 


The fact that it was really the bond (1 :4), and not the bond 
(4:5) or the bond (5;1), which had been broken by the reducing 
agent was clearly proved by the manner in which the reduced sub 
stances behaved with oxidising agents. These experiments are 
dealt with in Section F. 

In our earliest experiments on the reduction of the bridged 
ketonic acid XXIII, we used conditions which were known to c-ive 
a good yield of the reduced acid XXXIX when applied to the 
reduction of the bridged ketonic acid XIV. As a result we 
obtained a product of indefinite melting point, which proved to be 
a mixture of the ketonic and hydroxy-acids XLIII and XLIV, 
It was therefore apparent that the reduction was proceeding more 
easily in the bridged-spro-series than in the bridged-ring series. 

In order to establish this point more definitely, a series of com 
parative experiments were instituted. In the first place, tbe 
bridge<l ketonic acid XIV (p. 333) was reduced under standard con- 
ditions for different lengths of time, and the products were isolated, 
They were, in general, a mixture of three acids, XIV, XXXIX, 
and XL. The proportion of hydroxyl group in this mixture was 
determined by estimating the acetic acid obtained by acetylation 
and subsequent hydrolysis. This method was found to give good 
results when applied to the pure hydroxy-acid XLIV. In this 
way, a certain time of reduction was discovered during which no 
appreciable quantity of hydroxy-acid was produced. The hydrogen 
content was determined by combustion, and it was found that the 
formation of hydrox/-acid began to be appreciable after the addi- 
tion of about 1’7 atoms of hydrogen to the molecule. A similar 
set of experiments with the bridged ketonic acid of the s/wro-series 
showed that the production of hydroxy-acid in this case became 
appreciable only after the addition of about r9 atoms of hydrogen 
to the molecule. The two bridged ketonic acids XIV and XXIH 
were then reduced under the same standard conditions for a certain 
length of time, the same in both cases, sufficiently short to ensure 
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that in neither case would any measurable amount of hydroxy- 
acid be formed. The products were then isolated and the hydrogen 
contents determined by combustion. Several pairs of experiments 
were made with different lengths of time, and the results obtained 

Fig, {viii). 

Fission of the bridge -bond 1:4. 



are given in the experimental part of this paper (p. 375). The 
figures lie fairly well on smooth but widely separated curves 
(^ig. viii), and, graphically interpolated, they show that if we 
tile time required for a 50 ])er cent, conversion, that is, the 
tune during which the molecule of the bridged acid takes up one 



350 


INOOIiD AND THOB^: THE FORMATION AND 


atom of hydrogen, as the standard of comparison, then this timj 
in the case of the ^piro-acid XXIII, is about 0*55 times as long^j 
in the case of the ring derivative XIV. That is to say, the periods 
of half-change are in the ratio of approximately 1*8 :1. 

As a check on this result, the reduced acids XXXIX and XLII[ 
(pp. 346 and 348) were prepared in a state of purity and further 
reduced under standard conditions for different lengths of time 
The figures obtained in these experiments (p. 375) lie, with slight 
irregularities, on one and the same curve (Fig. ix). The periods 


Fig. (ix). 

Reduction of (he "ketone group. 



0 2 4 6 8 koure 


of ha If -change are therefore as 1:1 as nearly as the experimental 
figures can be intt 'preted. 

Thus there appears to be a very real difference in the ease oi 
reduction of the monocarboxylic acids of the bridged-ring- and 
bridged-^jwVo-series. It will be noticed that the difference is m 
the sense anticipated from theoretical considerations (**; 
Section A). It also would appear to he of the correct order oi 
magnitude. For whilst the first-order effect, that on the bond 
(5:1), is manifested by a reaction which proceeds at a considerabh 
speed in one series, but does not go at all in the other so far as 
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call be detected, both the second-order effects, that is, those ou the 
bonds (1:2) and (1:4), exhibit themselves experimenUlly as 
luoderate differences in reaction-velocities which are finite quanti- 
ties in both the series. The third-order effect, that on the bond 
( 2 : 3 ), was not detected experimentally. 


(F) Oxidation of the Fisston-Products Derived from the BrUJijed- 
?>^\xo-c<mpound XU (p. 330). 


All the products of fission of the cyc^ohexane.^/>/>odiry('7()peiit,an6 
ring structure so far considered belong to one or other of the three 
following classes : 

(1) Substances in which the bridge-bond (1:4) only lias been 
broken. 

( 2 ) Those in which the cyc/opropane-bond (4:5) only has been 
broken. 

(3) Tliose in which the cyc?o propane -boi^ (^:5) and the cyelo- 
butane-bond (2:3) have both been broken. 

In order, if possible, to obtain some confirmatory evidence regard- 
ing the constitutions of these substances, at least one typical example 
from each class was subjected to the action of oxidising agents. ♦ 

In class (1) the first substance taken was the cyc/ohexane^yin>- 
cycfopentanone acid XLIII (p. 348). By far the most suitable 
reagent in this case is nitric acid. Dilute nitric acid, however, 
appears to have little action on the substance. With hot concen- 
trated nitric acid a dibasic acid of the composition C 8 HJ 2 O 4 was 
obtained. This substance when distilled gave off carbon dioxide 
with the formation of cycZohexanecarboxylic acid (hexahydrobenzoic 
acid). The dibasic acid is therefore evidently cyc?ahexane-l : 1 -di- 
car boxylic acid XLV. The same dicarboxylic acid was obtained 


‘ CO 

(XUII.) 


HS03 


C02H 

•co“h 

(XLV.) 


C5Hio:c< 


when the hydroxy-acid XLIV (p. 348) was used in place of the 
ketonic acid. 

These experiments are Interesting as leaving little room for doubt 
that the bond broken in the reduction of the bridged-ketonic acid 
XXIH (p. 335) was actually the bond (1 :4). 

The example taken from class (2) was the tranii'Cyclo\\tY.y\cyclo- 
butane acid XXIV (p. 336). In this case nitric acid appeared to 
be without effect. Warm alkaline permanganate was, however, 
quickly decolorised. The acid product was a liquid substance which 
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distilled apparently without a serious amount of decompositiou 
was identified as ryc/oliexanecarboxylic acid XLVI : 

ca^H 

? ^ CH 

C,H„:CH-(J<-J'o^->CO C,H„:CH-CO,H 

OOfi 

(XXIV.) (XLVI.) 

The member of tlie series (3) experimented on was the 
r//cfohexyl-n-butane lactonic acid XXXIV (p, 342), This acid \^'as 
also unacted on by nitric acid, and required an alkaline solution 
of permanganate kept at above 70° to oxidise it at all rapidly. The 
product was, as in the former case, cyc/ohexylcarboxylic acid : 

xAIe-CH'CO^H 

! KMtiO^ 

C-H^nlCH-C-COaH ^ CgHjolCH-COgH 

CH(0H)«C02H 

(Hydroxy-acid of XXXIV.) (XLVI.) 

Both these oxidations with permanganate were carried out niifler 
various conditions, and in both cases the products were carefully 
examined for any traces of polybasic or lactonic acids, in which 
two side -chains might be attached to the cyc/ohexane carbon atom, 
No such products were detected, and, in view of the formula of the 
oxidised substances, none would be expected. On the other hand, 
if, for example, in the production of the cycfohexylcyc/obutane acid 
XXIV (p. 336) some bond in the d icy c/open tane structure other 
than one of those attached to the spirane carbon atom had been 
ruptured, one would expect to find products with two side-chains 
among the oxidation products. 

The cyc/ohexanecarboxylic acid XLVI obtained in the course of 
the above experiments apy^eared on careful examination to be in ali 
cases identical with the product obtained by the reduction of 
benzoic acid. 

The various reactions by which the dicyc/opentane ring in the 
original bridged-'«p?>o- com pound XII (p- 330) has been broknii 
down forming ultimately cyc/olicxanecarboxylic acid are summar- 
ised for convenience in table III. 
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(G) Examination of the By-yroducU obtained in the Erej)aratl(j 
of the Bridfjed-^i^\ro‘eompound XU (p, 330); Isolatiuj^ ■ 
Vroducts of Fimon Derived from this Substance thr&utjl 
Side Keactions. 


During the preparation of the yellow sodium compound Xlt 
(p. 330) there was formed a considerable quantity of an oily by-pro 
duct from which a number of acids were obtained by hydrolysis 
with hydrochloric acid. Amongst those isolated were n-but^i(> 
acid, cyc^ohexane-1 :l-diac©tic acid, and trans-cyclo)\^ 7 usjv^$-^f^ 
cyc?opropane-l ;2-dicarboxylic acid. The formation of these adds 
is evidently traceable to the presence in the crude ethyl dibromo- 
cycfohexanedi acetate used for the condensation of the corresponding 
monobromo-es^er, of the unbrominated ester, and of ethyl bromide 
as impurities. There was also obtained a cycfohexane^pirocyc/o. 
propane acid of the formula XL VII. This substance proved to te 
identical with the acid obtained by the action of acid hydrolysing 


_ X(C02H)-CH2-C02H 


•CO,H 

(XLVII.) 


agents on the tetra-ethyl ^pfrocyc/opropane ester XI (p. 330), which 
clearly establishes the constitution of the compound. 

In addition to the above-mentioned acids there were isolated two 
others to which the formulae XLVIII and XLIX have been 


COgH 

CH 

(XLVIII.) 


Et*CH 00 

Ufl(C02H)‘0 

(XLIX.) 


assigned. These are clearly the products respectively of acid and 
of alkaline hydrolysis of the ethylated ester L, This ester is doubt 


X:{C02Et)-CEt*C02Et 

"^qCOaEt^-CO 

(L.) 


less produced by the action of ethyl bromide on the yellow sodium 
compound XII, and apparently behaves towards alkaline hydrolys- 
ing agents similarly to the corresponding methylatiou product XXX 
(p. 342). We did not investigate the action of acids on the methyl 
derivative XXX, but the corresponding substance XXVII (p. 341) 
of the dimethyidicyc/opentane series was found (loc. dt.) to yield 
with acid hydrolysing agents a monocarboxyl ic acid, to whidi 
XLVIII is strictly analogous. 
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The most interesting of these substances is the fission product 
XLIX of the ester L, and it is of interest to examine wliat possi- 
bilities there are of alkaline hydrolysis of tlie ester L taking place. 
No hydrolysis to a lactone of hydroxy-ester would be likely to occur 
in the anhydrous alcoholic solution in which the oily by-product 
was formed. The oil was, however, separated from the sodium 
compound XII by means of 95 per cent, alcohol, and, since some 
sodium ethoxide would certainly be adhering to the crude sodium 
compound, the alcoholic washings would contain sodium hydroxide, 
which must have brought about the fission of the ethylated ester L. ' 

The lactonic acid XLIX was found to possess properties practi- 
cally identical with, those of its prototype, tlie fission product 
XXXIV (p. 342), of the methylated bridged ester XXX. Like the 
lactonic acid XXXIV, it was isolated in cis- and ^a«s-forms, the 
substance originally obtained being the trans-iorm. One notable 
point of difference was noticed between these compounds and the 
methylated lactonic acids previously obtained. The ethylated cfs- 
lactonic acid differed from the ^ra/is-form, and from both forms of 
the lactonic acid XXXIV, in the fact that it was found possible to 
isolate from it the free tribasic hydroxy-acid. This substance was, 
however, very unstable. It slowly gave up water when exposed 
to air at the ordinary temperature, the product being the cw-lactonic 
acid. On boiling with hydrochloric acid it was converted into the 
^^^^rt^-lactonic acid. The other relationships between these ethyl- 
ated products may be seen by reference to table IV, in which they 
are shown in relation to the ethylated ester L, the decompositions 
of which form another example of the great ease with which tlie 
bond (4 : 5) is ruptured by alkalis. 


Experimental. 

(a) Condensation- of Ethyl Dibromocyclokexafie-l A-dincetafe with 
Ethyl Sodiomalonate, 

cyc^oHexane-1 ; 1-diacetic acid was prepared for use in these 
experiments by the method given by Thole and Thorpe (T. 1911 
99, 422). 

Ethyl Dihromocyoiohexane-l'.l'diacetate . — The bromination of 
the acid was effected by the Hell-Volhard-Zelinsky method as 
described in Part I. of this series. The neutral product contained 
about 80 per cent, of dibromo-ester. 
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Ethyl cyoloHemne^piTO-l-meihylcydopropaneA \V: 2-tftra- 
carboxylate (XI, p. 330). 

Forty-six grains of the crude dibromo-ester were added to a solu- 
tion, in 60 grams of alcohol, of 4-6 grams of sodium and 32 grams 
of ethyl malonate. The -solution was boiled for three hours and 
then poured into dilute hydrochloric acid. The oil was extracted 
with ether and the extract washed with a solution of sodium 
carbonate, dried, and distilled. 

The ester was obtained as a colourless liquid which on redistilla- 
tion boiled at 250— 260°/ 10 mm. On boiling with hydrochloric 
acid it was hydrolysed with the formation of the tricarboxylic acid 
(XLVII, p. 354), dealt with on p. 379 : 

0’1209 gave 0-2708 CO^ and O' 0849 H^O. C=-61'O0; H = 7-80. 

requires C — 61-2; H — 7'8 per cent. 


(b) Formation of the Bridged-spiro-ester and its Sodium 
Compound. 

The formation of the bridged-5pz>o-compound by the condensation 
of the above-mentioned tetraethyl ester with itself has already been 
referred to in the Introduction (Section B). The compound was, 
however, usually prepared direct from the dibromo-ester by treat- 
ing it with ethyl malonate and excess of sodium ethoxide. Many 
experiments were made in order to determine the best cniiditiona. 


Ethyl Sodiocydohexanespirodicychpentan-'^-one-l :2:i4ricarb- 
oxylaie (XII, p. 330). 

Nine grams of sodium dissolved in 140 grams of absolute alcohol 
were treated with 30 grams of ethyl malonate. The solution was 
carefully under-cooletl to about 35°, and 40 grams of dibromo-ester 
were gradually added, tlie temperature being kept below 40°. Half 
an hour after the addition was complete the liquid was heated on a 
stsain-batli and kept boiling for thirty hours. At the end of that 
time the greater part of the alcohol was boiled off, and water added 
to the residue in' the flask. The mixture was then shaken vigor- 
ously and filtered by the aid of the pump. In these circumstances 
the whole of the oil precipitated by the^water adhered to the solid 
sodium compound. The filtrate, which gave no precipitate on acidi- 
fication, was discarded. The purification of the sodium compound 
was effected by w^ashing on the filter with 95 per cent, alcohol, and 
VOL. cxv. p 
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finally by triturating with the same solvent until the weight of ttg 
dry solid was not altered on repeating the treatment. The alcoholic 
filtrates contained the oily by-product. (Section j, p. 377.) 

The sodium compound was obtained as a bright yellow insoluble 
substance which gave a crimson colour with aqueous ferric chloride 
containing a trace of alcohol : 

0-3132 gave 0 0590 Na 2 S 04 . Na=6-10. 

CjgHgsOyNa requires Na=5‘93 per cent. 


Ethyl cychJiexanesj>irodicyc\operiian-Z-one-l:2-A-tricarh- 
oxylate p. 333). 

When the yellow sodium compound was shaken with cold dilute 
aqueous hydrochloric acid and ether it passed quickly into solution, 
the yellow colour being discharged. The ethereal layer, on drying 
and evaporating the solvent, yielded a mass of crystals melting 
at 46—47^. 

The ester was exceedingly readily soluble in the usual organic 
solvents, and did not appear capable of being easily recrystallised. 
It gave a crimson colour with ferric chloride, and on treating with 
cold aqueous sotlium hydroxide yielded the original sodium com- 
pound ; 

0T331 gave 0*3036 CO^ and 0-0842 HgO. C = 62*21; H=7-03. 

requires C = 62'3; H = 7’l per cent. 


(c) Comparative Experiments on the Formation of the Br\dgtl 
ring- ofid Bridged-spiro-compounds (IX and XII, p. 330). 

J9|0-Dimethylgliitaric acid was prepared by the method of Thole 
and Thorpe (T., 1911, 99^ 422). 

Ethyl Dihromodimethylglutarate.—^h.& acid was first converted 
into its anhydride (T., 1899, 75, 48), which, was then brominated 
(T., 1901, 79, 776), The dibromo-ester was redistilled ami 
collected for use in subsequent experiments at 182 — 185^/24 mm. 


Ethyl 1:3: Z-Trimtthyhydop'opane~\ : IM' : %tetracar'hoxyhk. 

This ester was prepared by condensing the dibramo- ester with 
ethyl sodiomalonate in alcoholic solution under the condition use 
by Perkin and Thorpe {iMd.) and purified by distillation, the frac- 
tion boiling at 231 — 236°/34 mm. being taken as sufficiently pur® 
for the experiments hereunder described. 

Ethyl trimethylcycfopropanetetracarboxylate and ethyl cjfc ® 
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hexanes^Vomethylcyc/opropanfeUtracarboxylate were then employed 

in a series of experimente, which, were carried out with the object 
of determining the relative speeds with which the two esters under- 
went internal condensation in the presence of sodium ethoxide. The 
method was as follows : One molecular proportion of each ester was 
treated with two atomic proportions of sodium dissolved in fifteen 
molecular proportions of absolute ethyl alcohol. The solutions 
were kept in a thermostat for known lengths of time, after which 
the alcohol was boiled off under diminished pressure, and water 
was added. The precipitates were then collected, washed with 
alcohol, dried, and weighed. 

The following percentage yields of the sodium compounds IX 
and XII (p. 330) were obtained, the temperature being 75°; 


Table V. 


Time 

(hours). 

1-0 

2-0 

4-0 

7-0 

lO'O 

14-0 

24-0 


Bridged-ring 
compound, IX. 
(Per cent.) 
49-8 
64-7 
73'0 
76-6 
76‘3 
753 


Bridged-spffo- 
compound, XIT. 
(Per cent.) 
lO'l 
17-9 
26-5 
32-4 
32-9 


(d) Ilydfolym of the Bridged-s^ko-ester and of its Yellow 
Sodium Compound, 

The remarkable diversity in the characters of the substances 
which can be obtained by hydrolysing the yellow sodium spiro- 
compound or the corresponding free ester under different conditions 
has already been alluded to in the Introduction. The following 
is a summary of the principal experimental details. 

Diethyl Potmsium Poiassiocyclohemnesimodicychventan-^- 
one-\:2-A-tricarhoxylate (XVI, p. 333). 

When the original yellow sodium compound was left in contact 
With cold alcoholic potassium hydroxide for ten hours, it gradually 
issolved, and a canary-yellow potassium salt separated. 

This compound was found to be insoluble in water, but quite 
appreciably soluble in methyl alcohol. When recrystallised from 
a arge bulk of this solvent, it separated in long, yellow needles, 
w ich gave a violet colour with ferric chloride: 

0-1354 gave 0*0580 K^SO^. K = 19-16. 

^17^20^7^2 requires K = 18‘8 per cent, 

P 2 
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Diethyl Hydrogen cydoHexane^i^ixodkydopenian-Z-ont. 
X'^'l'A-tricarhoxylOrte (XVII, p. 333). 

When the potassium salt was treated with cold dilute hydro- 
chloric acid, a gummy precipitate was obtained. This could not 
be induced to crystallise, and on distillation underwent extensive 
decomposition. It was therefore extracted with pure ether, and, 
after drying and evaporating the solvent, left for some days in an 
exhausted desiccator : 

0-1249 gave 0'2751 CO2 and 0'0730 H^O. C = 60'07; H=:6'5(l. 

C17H22O7 requires C = 60-4; H = 6-5 per cent. 

This acid ester is also the first product of the action of boiling 
hydrochloric acid on the triethyl ester (XV, p. 333), as is proved 
by the following experiment. The yellow sodium compound vas 
boiled with 20 per cent, hydrochloric acid for one hour. % 
liquid was evaporated, and the residue dissolved in the minimil 
quantity of water. The hot aqueous solution was rapidly cooled,, 
and the oily precipitate which separated was collected by pouring 
the liquid through a wet filter. The oil on the filter was tteii 
washed through with alcohol, and caused to crystallise as com- 
pletely as possible from 15 per cent, alcohol. The crystals coa 
sisted of the ethyl hydrogen ester XXI (p. 335). The ultimaU 
oily residue from these crystallisations was dissolved in me%n 
alcohol and treated with a slight excess of cold methyl- alcoMt 
potassium hydroxide. The yellow precipitate which iimuediaWj 
separated was collected and recrystallised from methyl alcohol 
On analysis, it gave 19*03, whilst the free acid-ester obtaiood 
on acidification gave 0 = 60-21, H = 6'60 per cent. 

With ferric chloride, the acid-ester gave a violet coloratp- 
Cold methyl-alcoholic potassium hydroxide converted it into th 
potassium compound. It distilled at about 200 -260° /23 iiiiii,| 
with, however, considerable decomposition. Attempts were maid 
to hydrolyse the gummy distillate both by acids and by alkaliv 
but no pure substance was isolated from the products. 


Ethyl Dihydrogen cycloHexan^e^^irodicyclopentan-3-one- 

X:2‘A-tricarhoxylate (XVIII, p. 334). 

Five grams of the yellow sodium compound were suspended 1 
20 C.C. of 3V-ethyl-alcoholic potassium hydroxide, and the mixtju 
was boiled until the yellow colour was discharged. The colour^ 
precipitate, which was very hygroscopic, was collected as rap ^ 
as possible and drained on porous porcelain in a desiccator. 
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was then dissolved in a small quantity of water and decomposed 
with hydrochloric acid. Th^ acid which separated out was re- 
crystallised from water. The potassium salt XVI may be used 
in place of the sodium compound in this preparation. 

The same acid-ester may also be obtained by acid hydrolysis of 
the triethyl ester (XV, p. 333) or of its sodium compound. Thus, 
when the sodium compound was boiled for one hour with 20 per 
cent, hydrochloric acid, and the acid-esters XVII and XXI 
separated by precipitating them together as an oil in the maniicr 
described on p. 360, it was found that in the filtrate from the oil 
there were present two crystalline substances. These were isolated 
by treating the solution, after concentration, with sufficient con- 
centrated hydrochloric acid to clear the turbidity. The crystals 
which were then deposited from solution were separated by fraction- 
ally crystallising from water into the acid-ester XVIII and the 
dibasic acid XXII, the latter being the more readily soluble. 

The add-ester formed long, colourless needles, which melted and 
decomposed at 206°. It gave a bluish-violet colour with ferric 
chloride : 

0T298 gave 0*2745 CO^ and 0-0683 HjO. C-57-68; H=6-84. 
requires C = 58'l; H-5-8 per cent. 

The anhydro-ester^ 

CO— O—CO 

Q 

c.H,„;c< I I 

■' C{COjEt)'CO 

vas prepared by treating the acid-ester at 100° for one hour with 
cetyl chloride in a closed flask. The residue obtained on 
vaporation was crystallised from ether. The crystalline anhydride 
nelted at 126°, and was converted into the original acid-ester on 
loiling with water: 

0 0751 gave 0-1705 CO. and 0 0385 H^jO. C = 61-92; H-5-70. 

CijH^gOg requires C-61-6; H-5’5 per cent, 


Ethyl Hydrogen '6-oyc\ollcxane^iixodicy{:^optntan-?>-one-\ :4- 
dicarhoxylate (XXI, p. 335). 

The formation of this substance has already been alluded to on 
360. It is best prepared by boiling the triethyl ester (XV, 
333) with 20 per cent, hydrochloric acid for five hours, or by 
'Oiling the acid-ester (XVIII, p. 334) with the same reagent for 
wo hours. In either case, the product obtained on evaporation 
found to be a mixture of three acids. It was crystallised from 
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the minimal quantity of boiling 50 per cent, ethyl alcohol. Xh^ 
crystals which separated consisted principally of the monobasic 
acid (XXIII, p. 335), and were collected, the filtrate being then 
evaporated until most of the alcohol had been removed. It 
then cooled as rapidly as possible, and the oil which separated was 
collected on a wet filter. The filtrate, on concentrating and mixing 
with concentrated hydrochloric acid, deposited the dibasic acid 
(XXII, p, 335). The oil on the filter was dissolved in alcohol and 
recrystallised several times from a mixture of alcohol and water 

The acid -ester obtained in this way melted at 104—106^, and 
gave no colour with ferric chloride. It did not decompose appred 
ably when heated to 250*^ : 

0-0887 gave 0-2061 CO. and 0-0548 HgO. C = 63-37; H-68S. 

C] 4 H| 80 ., requires 0—63-2; H=6-8 per cent. 

0-1200 required 18'62 c.c. of Ba(OH )2 solution (0-0243.V) for 
neutralisation. Cj 4 H ^805 (monobasic) requires 18-6 c.c. 


b-cycloffescanes^irodicyclopentan-d-une-l : 2-dicarboxylic A cid 
(XXII, p. 335). 

The formation of this substance as a by-product in the pre- 
paration of the various acid-esters of the series has already been 
noticed. It was found to be produced in good yield by boiling 
either the yellow sodium compound or the acid-ester (XVIII, 
p. 334) with 10 parts by weight of 20 per cent, aqueous hydro 
chloric acid for twelve houi^. As the boiling proceeded, oily pro- 
ducts separated out, and subsequently passed again into solution. 
Then crystals appeared in the boiling liquid. At the end of the 
period, the mixture was cooled and allowed to remain at the 
ordinary temperature for twenty-four hours, after which practically 
the whole of the organic material had crystallised out. The 
crystalline mixture consisted of about three parts of the dibasic 
acid XXII to one part of the monobasic acid XXIII (p, 335). It 
was boiled with four times its w^ght of water, and the suspension 
cautiously cooled and quickly filtered. By this means, the inono- 
hasic acid was separated almast quantitatively from a solution 
which, in the cold, - ^as supersaturated with respect to the dibasic 
acid. The agitation caused by filtering usually caused the filtrate 
to set to a stiff paste of crystals of the dibasic acid. These were 
recrysballised from water. 

The acid separated from water in rosettes of long, silky, needle- 
shaped crystals, which melted and decomposed at 234°. It gave a 
deep crimson colour with ferric chloride, but did not appear t« 
be acted on when boiled with hydrochloric acid for several days: 
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0-1087 gave 0*2407 CO^ and 0-0584 HgO. C=60*39; H = 5-97 
C12H14O5 requires C.= 60-6; H=5-9 per cent. 

0-0716 required 24-65 c.o. Ba(OH)j solution (0-0243iV) tor 
neutralisation. (dibasic) requires 24-7 c.c. 

co-o-co 

• I 

CH. 

The anhyd4ide^ t i j produced when the 

CH — CO 

ree acid was treated with acetyl chloride at 100° in a closed flask. 
The solid residue obtained on evaporation was triturated with 
iqiieous sodium hydrogen carbonate and recrystallised from ether, 
t melted at 154°, and on treating with aqueous sodium hydroxide 
gave the sodium salt of the original dibasic acid : 

0 1050 gave 0'2515 CO3 and 0*0518 H3O. C^6o-32; H-5'48. 
^12^12^4 requires C — 65’5; H=:5-5 per cent. 


b-Q,ydQHexanes^\VQdiQyc\opentan-Z~Qne'\-carhoxyhc A cid 
(XXIII, p. 335). 

A mixture of about one part of this acid to three parts of the 
dibasic acid (XXII, p. 335) was formed when either the triethyl 
ester, XV, or its sodium compound, or the diethyl hydrogen ester, 
XVII, or its potassium compound, or the ethyl dihydrogen ester, 
XVIII, was boiled for twelve hours with 20 per cent, hydrochloric 
acid. The ethyl hydrogen ester XXI was found to be converted 
quantitatively into the monobasic acid by boiling hydrochloric acid. 
The dibasic acid XXII, on the other hand, did not appear to be 
affected by this reagent. 

The dibasic acid, when heated above its melting point, however, 
evolved carbon dioxide, and from the dark-coloured residue a 
small amount of monobasic acid could be isolated. A good yield 
was obtained when the dibasic acid was heated with water at 200° 
for about ten minutes. The acid-esters XVII and XVIII also 
gave excellent yields of the monobasic acid when treated in this 
way. The triethyl ester XV, however, required the presence of a 
trace of acid in the water. A small quantity of hydrochloric 
acid or acetic acid, or even of butyric acid, was found to be 
sufficient. 

The most convenient v;ay of preparing the monobasic acid is by 
heating the yellow sodium compound with a slight excess of dilute 
hydrochloric acid at 200°. When preparing considerable quanti- 
ties, however, it was found desirable to drive off as much carbon 
dioxide and alcohol as possible before closing the vessel. The 
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sodiiun compound, in portions of about 10 grams, was boiled 
ten times its weight of 20 per cent, hydrocblorio acid for 
hours in a strong flask provided with a short reflux air-condensw 
Enough aqueous sodium hydroxide was then added to reduce the 
concentration of free mineral acid to 2 or 3 per cent., and the 
solution was again boiled to expel the air. The flask was then 
securely corked and immersed in an oil-bath at 200 ® for ten 
minutes. After cooling to the ordinary temperature, the crystals 
were collected and recrystallised from 96 per cent, alcohol, usiQ.» 
a little animal charcoal to remove the dark impurities. The yield 
was 85 per cent. 

The monobasic acid was sparingly soluble in hot or cold water 
and in most cold organic solvents, but it crystallised well from hot 
ethyl alcohol in long needles. It melted at 236® without decom- 
position, and gave no colour with ferric chloride. It was found 
to be unacted on by boiling aqueous or alcoholic potassium hydr- 
oxide, and by prolonged boiling with hydrochloric acid. Cold 
alkaline permanganate was, however, instantly decolorised: 
0T337 gave O'SSIO CO. and 0-0860 H.O. C-67-52; H-714. 

CJ 1 HJ 4 O 3 requires C^OS’O; H = 7‘2 per cent. 

CfCO TiVCH 

The mnimrhazone, ^;n.nh-CO'NH, , WAS 

prepared by boiling the acid with an aqueous solution of 
semicarbazide acetate for a few seconds. On cooling the solutioTs, 
the semicarbazone separated out, .and was recrystallised from 
alcohol. It melted and decomposed at 259® ; 

0*1071 gave 0*2240 COg and 0*0661 H^O, C-57-04; II::.6-85. 

CJ 2 HJ 7 O 3 K 3 requires 0=57*4; H = 6*8 per cent. 

trsLns-Z-}Ii/droxyA-cYC!iohexvlcycl.ohutan~%{/ne-3:4L-dicarbo,zijlic 
Acid (XXIV, p. 336). 

Five grains of the yellow sodium compound were boiled with 
30 C.C. of 4V-alcohoIic potassium hydroxide, the boiling being con- 
tinued for one hour after the suspended matter had become colour- 
less; or, alternatively,* 5 ^ams of the acid-ester (XVIII, p. 334) 
were boiled with 30; Ac. of the same reagent for one hour. In 
either case, the product was isolated by evaporating the alcohol 
and adding water and hydrochloric acid. The acid solution was 
extracted ten times with its own volume of ether, and the extract 
dried over calcium chloride for at least three days. This was found 
to be Decenary, since the acid was present in the ether in it? 
hydrated form, which apparently gave up water to the calcuim 
chloride very slowly, and incomplete dehydration interfered with 
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the subsequent purification. When quite dry, the ether was 
evaporated and the viscid residue triturated with chlorofonn. 
The crystals which were caused to separate by this treatment were 
drained on porous porcelain and washed with fresh ether. 

The acid prepared in this way was fairly pure and melte<l and 
decomposed at 203°. It was very readily soluble in water and in 
all the usual organic solvents, except chloroform and light 
petroleum. In these solvents it was only sparingly soluble, but it 
did not appear to crystallise well from mixtures of solvents. It 
aave no colour with ferric chloride, and did not appear to be acted 
on by boiling acetyl chloride (compare Part I). The acid was 
purified for analysis through the hydrate (see below) : 

0-,1331 gave 0-2734 CO^ and 0-0748 HgO. 0=56-025 H3.6-24. 

CigHjgOe requires 0=56*2 ; H = 6-2 per cent. 

0 0352 required 11-25 c.c. Ba(OH)o solution (0 02433') for 
neutralisation. 022H|gOg (dibasic) requires U'S c.c. 

The hydrated form, Ci2Hjg0g,2H20, separated in large, dense 
prisms when the anhydrous acid was dissolved in hot water and 
the solution cooled. The hydrated acid readily dissolved in dry 
ether, and was much more readily soluble in chloroform than the 
anhydrous substance. At 100°, it evolved water vapour, leaving 
the anhydrous acid in a very pure form, melting at 206° to a colour- 
less liquid, which evolved steam, and, after cooling, set to a solid 
mass, which melted at about 135°: 

0-1648 lost 0-0201 at 100°. H20 = 12-20. 

Ci 2 Hj 0O(5,2H2O requires H20 = 12-3 per cent. 

Tne silver salt was precipitated by silver nitrate from a neutral 
solution of the ammonium salt: 

0 1435 gave 0-0656 Ag. Ag-:45-71. 

0-1729 „ 0-1929 CO.^ and 0 0473 H.O. C = 30-43; H-3 03. 

Cj^HjjOgAg^ requires 0 = 30 6; H = 30; Ag = 45-9 per cent. 

The barium salt was precipitated from a solution of the acid 
in water by adding an excess of barium hydroxide: 

0-1007 gave 0-0595 BaSO^. Ba:-34'74. 

Cj.iHj^OgBa requires Ba = 35-1 per cent. 


ch-Z-Hydroxy A'Cyclohexylcychh ijtan-2-one’^ •AdicarhoxyUc 
Acid (XXIV, p. 336). 

This acid was prepared by dis.solving its anhydride (see below) 
in a slight excess of 4iy-aqueous sodium hydroxide and then add- 
ing a slight excess of concentrated hydrochloric acid. The pre- 
cipitated acid was collected and dried. It was then dissolved in 

P * 
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dry ether containing a trace of alcohol, and caused to crystalline 
from this solution by adding benzene. The crystals were 6 uai|y 
purified by triturating with pure dry ether and again recrysta). 
Using from a mixture of ether and benzene containing alcohol, 
The pure m-acid melted at 145°, and rapidly evolved water 
vapour. It readily dissolved in water or alcohol, but was almost 
insoluble in pure dry ether. Unlike the trons-form, it did uot 
appear to take up water of crystallisation : 

0*0929 gave 0-1912 CO 2 and 0*0548 HgO. C = 56*13; II == 6*55 
C 12 H 20 O 5 requires C=56'3; H = 6*3 per cent. 

0'0446 required 14*40 c.c, Ba(OH )2 solution {0-0243i\^J for 
neutralisation. Cj 2 Hie 06 (dibasic) requires 14*3 c.c. 


The Anhydride of the cis-dcic?, 


pft 

co-o-co 


The fm?w-acid, on heating above its melting point, gave oil 
water vapour. The transformation was, however, by no means 
complete unless the fused material was raised to 240 — 250° and 
maintained at this temperature until it began to darken in colour. 
The product solidified on cooling, and, after triturating with 
aqueous sodium hydrogen carbonate and drying, was recrystallised 
from dry ether. It separated in large, oblique prisma which 
melted at 155°. The substance was also recrystallised from 
benzene. 

The same anhydride was obtained by heating the c«Vacicl above 
its melting point: 

0*1335 gave 0*2959 CO, and 0-0709 HgO. C-60-45; H-5-90. 

Cj 2 Hj 40 fi requires C-60-5; H = 5'9 per cent. 


C,H,„:CH-0<c(OH>CO 
The ciA-Anilic Acidj | 60 H 

(JO'NH’CaHg 

This substance wt* at once precipitated when the cm- anhydride 
was dissolved in benzene and treated with a solution of aniline iu 
the same solvent. It was purified by first triturating with ether 
and then recrystallising from dilute alcohol. It separated in 
minute crystals, which melted and decomposed at 202 °; 

0*1145 gave 0-2721 CO 2 and 0*0666 HgO. C- 64 - 8 i; H=6'46. 
CjgH^iO^N requires C = 65‘3; H = 6‘3 per cent. 
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The d^-Anil, CO j 

CgHj-N— CO 

The cis-anil was readily obtained by heating the anilic acid at 
2100 uiitii tihe evolution of steam had ceased. The product was 
triturated with sodium hydrogen carbonate and then recrystallised 
from absolute alcohol. It separated in long, silky needles which 
melted at 199^: 

0T098 gave 0*2778 COg and 0*0592 H 2 O. C = 69 00; H = 5‘99. 

requires C:=^69*0; H = 6'l per cent. 


(e) Comparative Experiments with the Acid-Esters (XXVI, p. 337, 
and XVIII, p. 334) of the Dimethpldic.y do pentane and 
cyclo Ilexan cspiror/?cy do pe ntane Series * 

One molecular proportion of each acid-ester was boiled for fifteen 
minutes with 6 molecular proportions of potassium hydroxide in 
3*6V-solution in ethyl alcohol. The bulk of the alcohol was evapor- 
ated under diminished pressure and water and excess of hydro- 
chloric acid were added to the residue. The acid products were then 
extracted quantitatively with ether. The percentage yields were as 
follows : 


Table VI. 


Bridged-ring-acid-ester XXVI. ' Bridged ii;nro-aeid-ester XVIII. 


Acid- 

ester 

recovered. 

85 

SI 


Monocarb- 

oxylic 

acid 

formed. 

1-5 

4 


Fission 

product 

formed. 

{) 

0 


Acid- 

ester 

reco veered. 
0 


Products of 
I 0 .SS of 4- 
carbethoxyl 
group. 

0 

0 


Fission 

products 

formed. 

85 

78 


In all cases a small quantity of gummy material was formed, and 
for this reason the whole of the original material was never 
accounted for as crystalline products. The small quantity of iiiono- 
carboxylic aciil XIV was readily isolated by reason of its sparing 
solubility in cold water. The recovered acid -ester XVIII was also 
quite easily separated from the fission product by means of dry 
chloroform in which the latter, if quite anhydrous, is almost 
insoluble. 

* See note, p. 337. 


P* 2 
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(i) Preparation and Hydrolysis of the M ethylation Product of 
Yellow Hodium %p\io-C omponnd (XII, p. 330). 

The yellow sodium compound does not react at all readily wit[j 
methyl iodide under the usual conditions even at 100® in a closed 
flask. If, however, four or five times the theoretical quantity of 
methyl iodide is used, methylation proceeds rapidly. 


Ethyl cyclo// e xa we spi ro-2-7w e thyld-icy^^open ia-w-S -owe- 1 : 2 : 4 - i ri- 
carboxylate (XXX, p. 342). 

Twenty grams of the yellow sodium compound were heated with 
a solution of 20 grams of methyl iodide in 100 grams of absolute 
alcohol at 100° for one and a-half hours in a closed flask, whici 
from time to time, was vigorously shaken. The excess of the methyl 
iodide and most of the alcohol were then distilled off and the residue 
poured into 400 c.c. of water. The precipitated oil was extracted 
with ether, the extract being washed with water and sodium car- 
bonate solution, dried, and evaporated. The oily residue was found 
to decompose on attempting to distil it under diminished pressure. 
It was therefore allowed to remain in an exhausted desiccator for 
several days and then analysed ; 

01109 gave 0-2556 COg and 0-0729 H2O. C = 62-86; H = 7-30, 
C20H28O7 requires C=63-2; H=7‘4 per cent. 

The figures quoted are those for one of three closely agreeing 
analyses. They indicate that a partial conversion into the raetkyl 
diethyl ester has taken place ; 

requires C==62‘2; H = 7‘0 per cent. 

This is perhaps a natural result of the use of a large excess of 
methyl iodide in tlie preparation. 

irsx\^-Lactonic Acid of y-Hydroxy-^~c.y<Aohcxyl-a-mtihjUri- 
carballylk Acid (XXXIV, p. 342). 

Twenty-five grams of the inetliylated ester were boiled under a 
reflux condenser with 170 c.c. of 4iV-alcohnlic potassium hydroxide 
for two and a-hali ^ours. The mixture was then cooled and the 
precipitated salts were collected and drained on porous porcelain 
in a desiccator. They were then dissolved in water and the solution 
was acidified and repeatedly extracted with ether. The residue left 
after drying and evaporating the extract was caused to deposit 
■crystals by triturating with benzene, the process being repeated 
until an ultimate gummy residue was obtained, from which no 
crystals would separate. 
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The crystals were placed in a test-tube vfitb just sufficient benzene 
to covet tliem. Vasa beuzeue tbeu boded iot a ievj mmntea and 
the suspensloti filtered while hot. The filtrate on cooling deposited 
crystals of the lactonic acid. 

The ultimate gummy residue was esterified with alcohol and sul- 
phuric acid in the usual way, and, after adding water, the esters 
were extracted with ether. From the extract the acid products 
were shaken out with aqueous sodium hydroxide, and again ex- 
tracted from the aqueous solution after acidification. The residue 
obtained on evaporating the ether was hydrolysed by lulling hydro- 
chloric acid. After twelve hours the liquid was rendered alkaline 
and extracted ,with ether, then re-acidified, and again extracted 
with ether. On drying and evaporating the latter extract a residue 
was obtained which, when treated with benzene, yielded a further 
quantity of the crystalline lactonic acid. 

The substance, after recrystallisation from benzene, melted at 
172^ without decomposition, and did not appear to decompose appre- 
ciably at 260°. It dissolved very readily in water or alcohol, and 
fairly readily in benzene or chloroform : 

0*1310 gave 0*2774 COg and 0*0800 H 2 O. C-57’75j H = 6*78. 
requires C=:57'8; H=:6‘7 per cent. 

The silver salt was at once precipitated when ^Iver nitrate was 
added to a boiled solution of the lactonic acid in ammonia : 

0*1118 gave 0*0449 Ag. Ag — 44*63. 

C^igHifjOeAgg requires Ag=:44'6 per cent. 


tr^,m-y-H1Jdroxy-^■^ydohf.xyl~a~mtthyltric((rbullylic A cid. 

The hydroxy- acid appeared to he stable only in the form of its 
salts, and in spite of several attempts it was not found possible to 
obtain it free. However, wlien the -lactonic acid was dissolved 
in water and slowly titrated with barium hydroxide an end-point 
corresponding with the neutralisation of three carboxyl groups was 
obtained ; 

0*0434 of the ira/is-lactoiiic acid required 19*90 c.c. Ba(OH )2 solu- 
tion (0*0243 A) for complete neutralisation. CjgHjgOg changing in 
solution to CjgHgoO; (tribasic) requires 19*85 c.c. 

The barium salt was prepared by treating a solution of the trans- 
Jactonic acid in water witii an excess of aqueous barium hydroxide: 

0-1671 gave 0*1202 BaSO*. Ba^42*34. 

(Ci 3 Hj 707 ) 2 Ba 3 requires Ba = 42*0 per cent. 
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ci^Lactonic Acid of -f-Eydroxy-^-c^Q^ohexyha-methyltricarlallyll^ 
Acid (XXXIV, p. 342). 

This substance was readily obtained by dissolving its anhydride 
(see below) in boiling sodium hydroxide solution, and acidifying 
with hydrochloric acid. Microscopic crystals separated and were 
recrystallised from water. 

The m-lactonic acid melted at 152° witli the immediate elimina. 
tion of water vapour. It was more readily soluble in water than 
the trans-3LCul : 

0T182 gave 0'2489 CO 2 and 0'0724 H 2 O. C= 57*43^ H = 6'81. 

requires C -= 57’8 ; H = 6'7 per cent. 

The .silver salt was prepared by adding a solution of silver nitrate 
to a boiled solution of the cw-lactonic acid in ammonia ; 

0'1029 gave 0'0457 Ag. Ag=44*41. 

CisHjgOgAg^ requires Ag = 44'6 per cent. 

On boiling with concentrated hydrochloric acid the c*>-lactonic 
acid was partly converted into the fmns-isomeride. 


cis-y'//y^roir//-j8-cyclo A e ryl-a-methyUricarhciUylic A cid. 

Like the ^r«y?s-modifi cation, this substance appeared to he stable 
only in tlie form of its salts. The cii'-lactonic acid on titration with 
aqueous barium hydroxide gave, however, an end-point correspond- 
ing with salt-formation in respect of three carboxyl groups : 

0*0260 of the C2>-lactonic acid required 11*9 c.c. Ba(OH )2 solution 
(0*0243 A) for complete neutralisation. CisHigOg changing in solu- 
tion to (tribasic) requires 11*9 c.c. 

The hnriiim salt was precipitated from a solution of the c«5-Iactonk 
acid in water by the addition of an excess of barium hydroxide 
solution : 

0*1403 gave 0*1011 BaSO^. Ba = 42‘42. 

(Ci 3 Hi 707 ) 2 Ba 3 requires Ba=42‘0 per cent. 


I I 

The cis-Lactonic Anhydride, CH 

MeCK'CO-0 

The lactonic anliydride was prepared by heating the tranA^^ 
tonic acid with acetyl chloride at lOO'^ in a closed flask. The product 
was evaporated in a vacuum and the residue crystallised from ether, 



371 


STABILITY OF SPIRO-COMPOUNDS. PART II, 

when it separated in small crystals melting at 170^. It could also 
be purified by distillation und^r diminisbed pressure. 

The same anhydride was also obtained by boiling the cis-lactonic 
acid with acetyl chloride at atmoepheric pressure : 

01170 gave 0‘2637 COg and 0 0679 HgO. 0 = 61-47; H = 6-45. 
requires 0 = 619; H = 6-3 per cent. 


iim^-^-tiydrQxy-i-[iyc\ohexyl~\^ethyhydohutan-2-ont- 
Z 'A~dicaroxylic Acid (XXXVII, p. 345). 

The portion of the crystalline mixture obtained in the prepara- 
tion of the ^mm-lactonic acid (p. 369) which did not diissolve in the 
boiling benzene consisted essentially of the cyc/obutane acid 
XXXVII, and was recrystallised from aqueous alcohol. 

The ethereal solution of the esterified gummy residue (p. 369), 
after shaking out the acid products with aqueous sodium hydroxide, 
was dried and evaporated. The residue, on distillation under 
diminished pressure, yielded a fraction passing over at about 260°/ 
25 mm., which was hydrolysed by boiling hydrochloric acid. The 
product was rendered alkaline and extracted with ether, then acidi- 
fied, and again extracted with ether. The latter extract^ on drying, 
and evaporating the solvent, yielded a residue which deposited 
crystals of the cyc^obutane acid on adding benzene. The crystals 
were washed with benzene and recrystallised from aqueous alcohol. 

The butane acid melted and evolved steam at 185°, 

without appreciable discoloration. The liquid, on cooling, solidified, 
and on re-heating melted at about 140° : 

0-1008 gave 0-2132 COg and 0-0618 HgO. C=57-68; H = 6-81. 

CigHigOg requires 0 = 57 8; H = 6'7 per cent. 

0 0600 required 18-37 c.c. Ba(OH )2 solution (0-0243iV) for 
neutralisation. CjgHjgOe (dibasic) requires 18*3 c.c. 


ci^-Z-HydroxyA-cyclohexyl-l-methylc^cloh iita)i-2-one- 
ZA^icarhoxylic Acid (XXXVII, p. 345). 

The w-acid was prepared by boiling its anhydride (see below) 
with water. On cooling the solution the anhydride separated in the 
pure condition. 

The acid melted at 148° with the immediate elimination of water- 
vapour. It was more readily soluble in water than the ^rans-modi- 
fication : 
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0-0704 gave 0-1497 COg and 0-0430 H^O. C = 57-99; H = 6-78. 

CjgHjgOg requires C = 57’8; H = 6-7 per cent. 

0*0481 required 14*65 c.c. Ba(OH )2 solution (0*0243iV^) fo. 

neutralisation. CigHjgOg (dibasic) requires 14*7 c.c. 

When boiled for four hours with concentrated hydrochloric aci^ 
the ci«-acid was quantitatively converted into the isomeride. 


Anhydride of the ds-Acid, 

co-o-co 

At its melting }x)int the ^rci/7S-acid evolved water-vapour, but tlie 
elimination was by no means complete at this temperature. Tli? 
melted substance was therefore raised to 230*^ and maintained at 
this temperature until it began to darken in colour. The product 
was triturated with aqueous sodium hydrogen carbonate, dried, and 
recrystallised from dry ether. It melted at 158^. 

The same anhydride was obtained by heating the m-acid above 
its melting point : 

0-0833 gave 0-1886 CO^ and 0 0483 11^0. C = 61-75; H==6-44. 

CigHjgOs requires C = 61'9; H=6‘3per cent. 


(g) lieduction of the Mo7iobasic Bridged-^piTo-acid (XXIII, 
p. 335) hij Sodium Amalgam, 

It was found necessary, in order to be able to repeat the results, 
to standardise carefully the method of experiment. The reductions 
were always carried out with 3 per cent, amalgam, which passed 
through a 10-mesh sieve but not through a 16-mesh sieve. The solu- 
tions were contained in round-bottomed flasks of capacity two and 
a-half times the volume of the solution, and kept at a definite tem- 
perature. During a reduction a stream of carbon dioxide was led 
into the flask, but was not allowed to bubble through the liquid. 
These conditions apply to all the experiments describ^ in this and 
the next section. 


5-cychHexanespiTOcyc\opentafi-3-one-l-carboa:yUc Acid (XLIIl, 
p. 348). 

Five grams of the ketonic acid (XXIII, p. 335) were dissolved 
in an amount of sodium carbonate sufficient to give a neutral solu- 
tion and the whole made up to 200 c.c. This solution was kept at 
14^ by immersing it in cold water and reduced under the 
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conditians by adding 10 grams of amalgam once every half hour 
until 120 grams in ail had been used. Half an hour after the addi- 
tion of the last of the amalgam the mercurial layer was removed 
and the aqueous layer acidified. The oily precipitate was allowed 
to solidify and was then collected and recrystallised from dilute 
alcohol. 

The acid melted at 136 — 138®, and was found to be very readily 
soluble in all usual organic solvents except light petroleum; in this 
solvent, as in water, it was sparingly soluble : 

00867 gave 0-2145 CO^ and 0'0635 H,0. C..67-49; U=.8 U. 

C'liHigOg requires C = 67'3; H — 8'2 i>er cent. 


The Semicarhazonc 

^ o:n-nh-co-nh. 


The semicarbazone separated when a solution in which the acid 
aud semicarbazide acetate had been boiled together was cooled. 
After recrystallisiug from alcohol it melted and decomposed at 
210 °: 


0-1079 gave 0*2262 COg and 0 0757 HgO. C==57'17; H = 7-80. 

requires C = 56-9; per cent. 


^-cyc\oEexane^>iTOQyd(^l}cntah-':^-olA-carhoxyUc A cid (XLIV, 

. p. 348). 

Five grams of the above cyc^opentanone acid were dissolved in a 
quantity of aqueous sodium carbonate sufficient to give an approxi- 
iiiately neutral solution which was made up to 400 c.c. This solu- 
tion was kept at 17® and reduced under standard conditions with 
240 grams of amalgam, 10 grams being added every half hour. Half 
ail hour after the addition of the last of the amalgam the mercurial 
layer was run off and the aqueous layer acidified and extracted with 
ether. The solid residue obtained after the ether had been dried 
and distilled off was recrystallised from a mixture of benzene and 
light petroleum. 

The hydroxy-acid melted at 125—127® and was very readily 
soluble in all the usual organic solvents except light petroleum. It 
was much more readily soluble in water than was the corresponding 
ketonic acid : 

0-1092 gave 0*2672 CO., and 0 0884 H-P. 0 = 66*93; H = 9 00. 

CiiHisOg requires C = 66-7 ; H = 9*l i>er cent. 
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„ ,CH(C02H)-CH2 

Acetyl Derivative, OjHjo.CKLQg Cfl'OAc ‘ 

When the hydroxy-acid was boiled with acetyl chloride for four 
hours and the solution evaporated there was left a solid residue 
which was recrystallised from benzene. It melted at 167—160'^: 
0*0887 gave O' 21 32 COg and O'OGSO H^O. C = 65-24; H = 8'52. 

^ 13 ^ 20^4 requires C = 65-0; H — 8‘3 per cent. 

0*1652 gave acetic acid requiring 26-4 c.c. Ba(OH )2 solution 
(O' 0243 A) for neutralisation. C| 3 H 2^,04 requires 26*6 c.c. 


(h) Cornffarative Experiments on the Reduction of the Bridged- 
ring- and Bridged-spiro-acids XIV (p. 333) and XXlIl 
(p. 335). 

The general plan which was followed in these experiments has 
already been sketched in the Introduction (Section E). 

The most convenient method of preparing the bridged-ring acid 
XIV was found to be by treating the sodium compound IX (p. 330) 
according to the method (p. 364) used in the preparation of the 
acid XXI 1 1 from the sodium compound XTT. The reductions of 
the bridged-ketonic-acids XIV and XXIII were carried out under 
the usual conditions (p. 372). The experiments were conducted 
in pairs, using O' 80 gram of the* acid XIV and I’OO gram of the 
acid XXIH. The neutral solutions of the acids were immersed in 
the same water-bafcli and treated with 1 gram of amalgam every 
fifteen minutes so long as the experiment lasted. The aqueous 
layers were then acidified and extracted quantitatively with pure 
ether. The solid residues obtained on evaporating the solvent were 
allowed to remain in an exhausted desiccator for forty-eight hours. 

The dried products were then analysed. Usually about 0‘4 or 
O' 5 gram was taken and the water formed by combustion deter 
minil. In certain cases the substance was also acetylated and the 
product left after evaporating, desiccated over potassium hydroxide 
and quantitatively hydrolysed, the acetic acid being distilled off in a 
current of steam and estimated by titration with standard alkali. 
This figure gave the quantity of hydroxy-acid which had been 
formed in the reduction, whilst the water formed on combustion 
enabled one to calculate the total quantity of hydrogen which had 
been introduced during the reduction. The accompanying tahlf 
(table VII) gives the results of these experiments, the figures withir 
the brackets ( ) representing the calculated limits. 

Another set of experiments, similar to the above, was instituted 



STABILITY OP SPIEO-COMPOITNDS. PAET U. 375 

in which the reduced ketonic-acids XXXIX (p. 346) and XLIII 
(p. 348) were used in place of the bridged-ketonic- acids XIV and 
XXIII* The quantities taken for each experiment were 0'80 gram 
of the acid XXXIX, and I'OO gram of the s/»Vo-acid XLIII. The 
other quantities and conditions of experiment were the same as in 
the former case. In this instance the products were not acetylated 
and hydrolysed, but the water formed on combustion was deter- 
iiiiue^l. The results of these experiments are given in table VIII, 

the figures in brackets ( ) representing, as before, the calculated 

limits. 


Table VII. 




Bridged -ring -acid 

Bridged .spiVo. acid 



(0-80 gram). 

(1*00 gram). 

Time 

(hours). 

Amalgam 
(grams), j 

! 

Per cent, 
of H in 
product. 

Atoms of 

H 

introduced. : 

Per cent, 
hydroxy- 
acid. 

Per cent, s 
of H in 
product, j 

Atoms of 

introduced. 

111 

o >*. 

(0 

0 i 

6-49 0*00 

0 

7*22 

0-00 

0) 

1 

4 j 

6*67 0*30 

— 

7*49 

0*68 


2 

8 ' 

6*85 0-60 

_ 

7*64 

0-89 



4 

16 

7*20 1-18 

— 

7*97 

1*58 



6 

24 

7*27 1*30 

0 

8*09 

1-85 

2 

10 

40 

7*46 1-62 

3 

8*30 

2*30 

13 

14 

56 

7-79 2*16 

21 

— 





(® 


8*86 4-00 

100 

9*09 

4-00 

100) 



Table VIII. 






Ring-acid (0* 

^0 gram). 

apiVo-Acid (1*00 gram). 

Time 

(hours). 

Amalgam 

(grama). 

Per cent. Atoms 

of H of H 

in product, introduced. 

Per cent. Atoms 

ofH ofH 

in product, introduced. 

(0 

0 

7*60 

0*00 

! 8*16 


0-00) 

2 

8 

7-92 

0*39 

8*39 


0*49 

4 

16 

1 8-13 

0*75 

j 8*51 


0*75 

7 

28 

1 8*42 

1-25 

1 8-67 


MO 

(« 

00 

i 8*86 

2*00 

! 9*09 


2-00) 


(i) Oxidation of Fission- products Derived from the Bridged-spwo- 
sodio-ester XI 1 (p. 330), 

Oxidation experiments were tried with three types of Bssion- 
product, including the s^K/ocycfopeiitanone acid XLIII (p. 348), 
the im7Z5cyc^ohexylcyc^obutane acid XXIV (p. 336), and the trans- 
lactonic acid of hydroxycyc?ohexylmethyItricarbalIylic acid 
XXXIV (p. 342). None of these appeared to be acted on by 
boiling dilute nitric acid. Concentrated nitric acid, however, 
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readily oxidised the first of tiiese three acids, but did not react 
with the last two. These, however, were readily attacked by warm 
alkaline permanganate. Two crystalline oxidation products, cyda- 
hexanecarboxylic acid and cycfohexane-l : l-dicarboxylic acid, were 
obtained in the course of these experiments. 


cy{i\oHexanc-\:\-dicarhoxyUc Acid (XLV, p. 351). 

This acid was prepared by oxidising both the spirocyc^opeuUii- 
one acid XL! II (p, 348), or the corresponding A-/wrocyc?opentanol 
acid XLIV (p. 348), with concentrated nitric acid. The organic 
acid (2 ‘5 grams) was wanned with an excess of concentrated nitric 
acid until most of tlie red fumes had been evolved. The resulting 
solution was then boiled for a few minutes, and finally evaporated 
to dryness. The residue was treated with water and again 
evaporated. In this way, a semi-solid mass was obtained, from 
which the crystals were separated by spreading on porous porce- 
lain. 

After recrystallising from water, the acid melted at 207*^, with 
the evolution of carbon dioxide and a certain amount of dis- 
coloration : 

0-1008 gave 0-2058 CO^ and 0-0650 HgO. C-55-68; H-716. 
requires C~55-8; H — 7'0 per cent. 

0-0412 required 19*75 cx. Ba(OH )2 solution (0-0243iY) for 
neutralisation. CgHigO^ (dibasic) requires 19-7 c.c. 


cycXoHexanecarhoxylic Acid (Hexahydrohenzoic Acid). 

This acid was obtained in two ways; 

(1) By distilling c,yc\ohexane-l : l~dicarhoxylic acid. The di 
carboxylic acid on distillation under ordinary pressure gave oS 
carbon dioxide and yielded a distillate, which boiled at 230 — 235° 
and solidified when cooled by ice. The crystals melted at 18 — 23°. 
(Found: C=65-42; H = 9'51. Calc.: C=65-6; H = 9’4 percent.) 

(2) By oxidising csy(Acdiexyl derivatives. Either the trans- 

lactonic add of hydroxycydohexylmethyltricarballylic acid 
XXXIV (p. 342) or the c/ohexylcyc7obutanone acid XXIV 

(p. 336) may be used. The organic acid (10 grams) was dissolved 
in an excess of a solution of sodium carbonate and treated with 
30 grams of potassium permanganate. The permanganate was 
added in successive small quantifci^, sufficient time being allowed 
between each addition for the solution to become decolorised, the 
reaction being aided by heating. When all the permanganate bad 
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been added and decolorised, the liquid was filtered and extracted 
v^ith ether to remove any - neutral oxidation products. The 
aqueous solution vijas then acidified with hydrochloric acid, and the 
acid products were extracted with ether. From the residue 
obtained on drying and evaporating the solvent, some gummy 
material was separated by distilling under diminished pressure, 
and the liq,uid distillate was fractionally distilled \nider atm(> 
spheric pressure. In this way, there was obtained a fraction boil- 
ing at 232 — 236^, which solidified on cooling in ice to a jnass of 
crystals melting at 21—25°. (Found; 0=65-63; 11 = 9-51. 

Calc.: C=65'6; H=:9‘4 per cent.) 

The acid prepared by both these methods melted at a tempera- 
ture a few degrees lower than the recorded melting point, namely, 
29° (Lumsden, T., 1905, 87, 91). The same experience in regard 
to it is recorded by Haworth and Perkin (T., 1894, 65, 103). It 
certainly appears to be exceedingly difficult to obtain preparations 
showing the correct melting point when working with small quanti- 
ties of material. Crystals of the acid when left exposed to air 
rapidly liquefied, and it did not appear to be possible to induce 
the acid to separate in a crystalline form by cooling a solution in 
light petroleum below 0°. These observations agree precisely with 
the statements made by Lumsden, and, along with the analytical 
figures, are regarded as leaving no doubt as to the identity of the 
substance. 


(j) Examination of the Oihj Bij- product ohtain-ed' in the 
Preparation of the Bridged-^^iiYex^odio-eMer XII (p. 330), 

The alcoholic solution of the oily by-product obtained during 
the preparation of the yellow sodium spiro compound (p. 357) was 
distilled to remove the alcohol, the residue dissolved in ether and 
shaken with water. The ethereal solution was then driwl and 
evaporated, the residue being distilled under diminished pressure. 
Three fractions were obtained: (1) below 120°/20 mm., 
(2) between this and 250°/ll mm., and (3) at 250- -1G0°/11 mm., 
together with a small, dark-coloure<l, non-volatile residue. 

I faction (1).- The fimt fraction contained practically the wliole 
of the ethyl malonate present in the original oil. Tt was redis- 
tilled, and the small residue of high boiling point was added to the 
second fraction, (2). 

Fraction (2). — The second fraction, which did not appear to be 
capable of separation into pure compounds by distillation, was 
boiled with hydrochloric acid for forty-eight hours. During the 
reaction, a strong odour of butyric acid was developed. When 
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the hydrolysis was complete, the butyric acid was distilled off Jq 
a curreiit of steam, and the residual solution boiled with charcoal, 
filtered, and evaporated to dryness. Five acids were isolated from 
the crystalline residue- 

cydo^ciraT^e-l : l-diacetic A cid . — The crystalline residue 
recrystallised from the minimal quantity of 35 per cent, alcohol. 
The crystals which separated contained three of the five acids, the 
separation from the other two, which remained in the mother 
liquor, being very nearly quantitative. The crystals melted at 
160—200° approximately. They were dissolved in dilute ammonia 
and, after the excess of ammonia had been evaporated, were 
treated in the cold with a solution of zinc sulphate. The pre 
cipitate was collected, washed with cold water, and then digestetl 
with hydrochloric acid. The acid thus precipitated melted at 
174 — 1790 ^ and wag again precipitated as its zinc salt. The free 
acid was then liberated and recry stallised from water, when it 
melted at 181°, and was identified as cycZohexane-1 : 1-dicarboxylic 
acid by direct comparison with a specimen of that substance. The 
preparation, together with some small residues obtained subse- 
quently, constituted 15 per cent, of the original crystalline 
mixture. 


trans-cycloT/^icuM-cspirocyclopropawc-l ; 2-dica^boxyiic A cid. 

The combined filtrates from the zinc salt of cycZohexane-1 :1- 
diacetic acid were concentrated and treated with concentrated 
hydrochloric acid. The precipitated acids were dissolved in 
ammonia, and, after concentrating the solution, treated in the cold 
with a considerable excess of a saturated solution of lead nitrate. 
The lead salts were collected and recrystallised from the minimal 
quantity of boiling water, and then decomposed with a slight 
excess of dilute nitric acid. This treatment separated the last 
trace of cyc/ohexanediacetic acid, which, along with a small 
quantity of the tmws-sy^irocyc/opropane acid, remained in die 
filtrates from the lead salt. These traces were separated by means 
of their zinc salts, as described above. The combined tydo- 
hexanediacetic acid-f'^ preparations were extracted twice with 
three parts by weight of boiling benzene. The undissolved portion 
melted at 234 — 237°, and on recrystallisation from dilute alcobal 
melted sharply at 237°. It was identified as cychhex&nespiro' 
cyc^opropanedicarboxylic acid by direct comparison with a speci- 
men. The preparation, together with some residues subsequently 
obtained, amounted to 65 per cent, of the original crystallice 
mixture. * 
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UydoEexane^^Tfyl^rruthylQ'^do^ropmeA : V ; UncarhoxvHc 
Acid (XLVII, p. 354). 

The solution in the 35 per cent, alcohol from which the above 
two dicarboxylic acids were crystallised (p. 378) was evaporated 
and the residue resolved by crystallisation from 50 per cent' 
alcohol into three distinct fractions: (1) a small quantity of a 
mixture of the same two dicarboxylic acids, (2) a much more 
readily soluble, crystalline substance melting at about 208° and 
(3) a viscous gum. ’ 

The first fraction was treated according to the methods already 
described for the separation of the two dicarboxylic acids 
The second consisted essentially of the cycf opr opanetri carb- 

oxylic acid. ^ It represented about 8 per cent, of the original 
crystalline mixture, and, on recrystallising from water, melted at 
wlo , with the immediate elimination of water vapour ■ 

0T156 gave 0'2386 CO 2 and 0-0675 H^O. C-56-30; H-6-49. 

requires C-56-2; H = 6-2 per cent. 

00453 required 21-95 c.c. Ba(OH )2 solution (0-0243A^) for 
neutralisation. (tribasic) requires 21-9 c.c. 


C0*0‘C0 

I 1 

C CH, 


The, Anhijdro-acid, ^ 


c—m 

or C5H',.,'C<' I ^>0 
5 10 


The anhydro-add was prepared by boiling the free tricarboxylic 
add with acetyl chloride for two hours and evaporating the excess 
of the reagent. The residue on treating with benzene set to a 
mass of crystals. After recrystal lising from the same solvent, the 
auhydro-acid melted at 128°. It was immediately soluble in cold 
sodium hydrogen carbonate solution, and could be recovered un- 
changed by acidifying. On boiling a solution of the anhydro-acid 
in aqueous sodium hydroxide for a few minutes and then acidify- 
ing, the free tribasic acid was regenerated : 

0-1548 gave 0-3418 CO^ and 0-0823 H^O. 0-60*23; H = 5-90. 

^ 12 ^ 14^5 requires C--60'5; H = 5 9 per cent. 


5-cyclo^rea;anespiro-2 ethyldicychpeMan-S-on e-l-carb oxylic 
Acid (XLVIII, p. 354). 

The two benzene filtrates obtained in the preparation of the 
c^opropanedicarboxylie acid (p. 378) were combined and 
evaporated. The residue, which still contained about three parts 
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of the di carboxylic acid to one of the bridged-mono carboxylic acid 
(this was indicated by a titration), was weighed, and extract^ 
with three times its weight of boiling benzene. The extract >vas 
evaporated and the residue treated again in this way, the treat- 
ment being repeated until the residue obtained after evaporatiug 
an extract was completely soluble in three parts of boiling benzene 
The product was fractionally crystallised from benzene. After a 
considerable number of fractional crystallisations, a preparation 
was obtained which did not appear to change in melting poi^t 
when again recrystallised. 

This substance separated from benzene in long needles, whici 
melted at 191 — 194“^. It was sparingly soluble in water and gave 
no colour with ferric chloride : 

0-0610 gave 0-1537 COg and 0*0432 HgO. C-69-75; H-7 99. 
ret^uires C=70-3; H = 8-l per cent. 

0-0376 required 7-20 c.c. Ba(OH )2 solution (0-0243A) for 
neutralisation. (monobasic) requires 7*0 c.c. 

The analytical figures, especially those for the titration, do not 
correspond with the formula so well as could be desired. The dis- 
crepancies are, however, all in a direction that may be taken to 
indicate that the preparation still contained a small quantity of 
the syreVocyc/opropanedicarboxylic acid, which, owing to the small- 
ness of the quantity of material, it was not possible to remove. 
The preparation constituted about 0*1 per cent, of the original 
crystalline mixture. 

tv&.x\'&-Lactonic, Acid of y-JIydroxy-^-(^y(Ao}iexyl-a-eiTiyltricaThalifh- 
Add (XLIX, p. 354). 

The viscous gum, which was obtained as the third fraction in 
the separation by means of 50 per cent, alcohol mentioned on 
p. 379, was distilled under diminished pressure. More than three 
quarters of it passed over at 240 — 250*^/40 mm., and this, or 
treatment with benzene, solidified to a mass of colourless crystals. 
These represented about 3 per cent, of the original crystalline 
mixture, the residue in the distilling flask, which was not further 
examined, account;.^ for about 1 per cent. 

The crystalline lactonic acid, after recrystallisation from either 
water or benzene, melted at 149°. It dissolved readily in water 
and all the usual organic- solvents except light petroleum : 

0-1228 gave 0'26,60 COjj and 0‘0962 HgO. C = 59-08; H=7-09, 
requires C = 59*2; H = 7-0 per cent. 

The silver salt was precipitated by adding silver nitrate solution 
to a boiled solution of the lactonic acid in ammonia : 
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0-1063 gave 0*0461 Ag. Ag = 43*37. 

CwHisOgAgg requires Ag=43'4 per cent. 


This hydroxy-acid (contrast the czVform) appearetl to be stable 
only in the form of its s^lts. All attempts to obtain it in the free 
state were unsuccessful. However, when the frrt?/5-lactouic acid was 
(liesolved in water and the solution titrated slowly with barium 
hydroxide in the cold, an end-point corresponding with the neutral 
illation of three carboxyl groups was obtained ; 

0 0516 required 22*40 c.c. Ba(OH)2 solution (0 0243 A) for com- 
plete neutralisation. Cj4H2(|Og, changing in solution to 
(tribasic), requires 22*4 c.c. 

The harium salt was precipitated from an aqueous solution of the 
/nffls-Iactonic acid by adding an excess of a solution of barium 
hydroxide : 

0 1678 gave 0*1179 BaS04. Ba=4r36. 

(Cj4Hi907)2Ba3 requires Ba^40'8 {jcr ceut. 


ni<-Lacfonic A cid of y-H^/droicy-^-cyc]ohca t/l-a-( thyliricarba(!i/lic 
Acid (XLIX, p. 354). 

The m-lactonic acid was readily prepared by heating the free 
vVhydroxy-acid (see below) at 100° for a few minutes. 

When dissolved in water the lactonic acid regenerated tiie 
lydroxy-acid, which could either be crystallised out or titrated in 
solution. The lactonic acid could, however, be recrystallised from a 
nixture of benzene and light petroleum without any change taking 
dace. It melted at 198° with the evolution of water-vapour : 

01040 gave 0*2244 CO. and 0*0664 HgO. 0 = 58*84; H = 710. 

Cj4H20Og requires C"59‘2; H = 7'0 j>er cent. 

The silver salt was prepared by dissolving either the cw -lac tonic 
icid or the m-hydroxy-acid (see below) in dilute ammonia, boiling, 
md adding an excess of silver nitrate solution : 

0*1041 gave 0*0449 Ag. Ag=43*13. 

Ci4HjgOgAg2 requires Ag=43*4 per cent. 

Oil boiling the cw-Iactonic acid with hydrochloric acid a partial 
ouversion into the ^rcf/ns-lactonic acid took place. 
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cis-y-fl'y(^i>xy-j8-cycloA e xyl-a- ethylt ricarh ally lie A cid. 

This substance was prepared by boiling the m-lactonic anhydride 
(see below) with a slight excess of aqueous sodium hydroxide and 
acidifying with hydrochloric acid. The c««-hydroxy-acid slo^viy 
separated out.. 

The substance is very unstable, and loses a molecule of water with 
great readiness, giving the cM-lactonic acid. The change was found 
to proceed with rapidity at 60° in an exhausted desiccator at 
the ordinary temperature, and slowly when the acid was exposed to 
air under ordinary conditions. In cold aqueous solution the sub- 
stance behaved in every way as a tribasic acid : 

0 1003 gave 0'2045 CO^j and 0 0666 HgO. C = 55'60; H = 7'38. 

C14H22O7 requires C~55'6; H=:7’3 per cent. 

O' 0382 required 16' 65 c.c. Ba(OH)2 solution (0'0243d') for 
neutralisation. CJ4H22O7 requires (tribasic) 16*6 c.c. 

The barium salt was precipitated when the hydroxy-acid wag disu 
solved in water and treated with an excess of barium hydroxide 
solution : 

0'1057 gave 0'0740 BaS04. Ba = 41*18. 

(Cj4Hj907)2Ba3 requires Ba — 40'8 per cent. 

When the cw-hydroxy-acid was boiled with 20 per cent, hydro- 
chloric acid for some hours a partial conversion into the trau^- 
lactonic acid took place. 

CO-0— CO 

* . . II 

The (A^-Lactonic Anhydride, C^HjoICB’C CH 

EfCH'CO'O 

The ^ravis-lactonio acid did not appear to be dehydrated to any 
appreciable extent when heated above its melting point or when 
distilled under diminished pressure. It readily eliminated water, 
however, when heated at 100° for half an hour with acetyl chloride. 
On evaporating the product and treating the residue with benzene, 
crystals of the lacU^iic anhydride were obtained. After being 
recrystallised from benzene the substance melted at 154°. It did not 
dissolve at an appreciable rate in cold aqueous sodium hydrogen 
carbonate, but on warming with sodium hydroxide both oxygen 
rings were opeiietl up and the ris -hydroxy-acid was formed : 

0-1023 gave 0'2356 COg and 0'0625 HgO. 0 = 62*81; H = 6'79. 

requires C=63'2; H = 6*7 per cent. 

Fraction (3). — The third fraction which was obtained on distilling 
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tie oily by-product (p. 377) boiled at 250-260°/ll mm. and con- 
sisted of fairly pure ethyl oyofohexanespfromethylcycfopropanetetra- 

carboxylate (XI, p. 330). When hydrolysed with hydrochloric acid 
it yielded the tricarboxylic acid (XLVII, p. 354 ) dealt with on 
p. 379. 

(k) Note on Ethyl Dihydrogen .S-Dimethyldkychpentan-S-one- 
1:2 -A- tricarhoxylate (XXVI, p. 337). 

This member of the dimethyldicyc^opentaiie series, which was 
made us© of in this researcli, has not been previously described. 

The yellow sodium compound X (p. 330) was boiled with five 
times its weight of a 3V-solution of potassium hydroxide in alcohol 
until the suspended matter just became colourless. The precipitate 
was collected and drained on porous porcelain in. a desiccator, lb 
was then dissolved in the minimal quantity of water and decojn- 
jxtsed with excess of concentrated hydrochloric acid. The crystals 
obtained were recrystallised from 15 per cent, hydrochloric acid, 

The acid-ester melted and decomposed at 162^, and gave a purple 
colour with ferric chloride. It was readily converted into the mono- 
carboxylic acid XIV (p. 333) by heating for a few minutes at 200° 
with a little water. When heated in the dry state, it evolved carbon 
dioxide and steam, and from the charred residue a small amount of 
the acid XTV was isolated. It is perhaps worthy of note that the 
monocarboxylic acid should be obtaiued iu this way, but it is 
doubtless the result of the hydrolytic action of the steam which is 
evolved as the substance decomposes : 

0-1261 gave 0*2453 COg and 0-0599 H.O. C=53-05; H:=5-28. 

CigHj^Oy requires 0=53*3; fl::=5‘2 per cent. 

0T070 required 32-7 c.c. Ba(OH )2 solution (0-0243iV^) for 
neutralisation. Ci 2 llj ^07 (dibasic) requires 32*6 c.c. 

Imperial College op Soienob Research Laboratories, 

AND Technology, Cassel Cyanide Company, Ltd., 

South Kensington. Glasgow. 

{Received, March l?i^, 1919.) 




Thursday, March 27tii, 1919, at 4 p.m. 


Sir William J. Pope, P.R.S., President, in the Chair. 

Dr. T. S. Price and Dr, C. K. Tinkler were elected Scrutators 
and the ballot was opened for the election of Officers and Council. 

The Report of Council for 1917-1918 was formally presented to 
the meeting hy the President. After statements by one of the 
Secretaries as to the progress made in the revision of the Bye-laws 
and by the Treasurer as to the financial position of the Society, tlie 
adoption of the Report of Council, together with the Statement of 
Accounts for the year ending December 31st, 1918, was proposed 
by Professor G. Barger, seconded by Dr. G. W. Monier-Willums, 
and carried unanimously. 


Report of Council, 1918-1919. 

The Council are gratified to report a substantial increase in the 
membership of the Society. On December 31st, 1917, the numher 
of Fellows was 3,270. During 1918, 249 Fellows were elected and 
13 reinstated, making a gross total of 3,532, The Society has lost 
62 Fellows by death; 16 have resigned; the elections of 6 have 
been declared void, ind 47 have been removed for non-payment 
of Annual Subscriptions. The total number of Fellows, therefore) 
as at December 31st, 1918, was 3,401, showing an increase of 131, 
as compared with 72 in 1917. 

It is with regret they report that the following Fellows have 
died on Service; 

John Perry Bates (1915). Edward Frank Harrison (1894). 

Charles William Dick (1917). Leonard Ison Pitt (1911). 
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and that the death of the following has also occurred : 


Richard Leburn Barnes (1875). 

Tames Bayne (1874). 
wSiam Henry Blake (1890). 

\rtbur Clegg Bowdler (1865). 

Joseph John Bowley (1896). 

Harry Broadbent (1889}. 

William Edward Calliater (1909). 
Thomas Charles Cloud (1878). 

James Mason Crafts (1870). 

William Adam Dixon (1862). 

John Ernest Dunstan (1917). 

Thomas Fairies (1870). 

Charles Thomas Foreman (1907). 
Edward Francis (1879). 

Charles James Pemeller Fuller (189bj. 
George Thomas Glover (1872). 

\VaIter Augustus Handcock (1900). 
Egerton Hargreaves (1909). 

Henry James Helm (1872). 

Richard Pendarves Hodges (1913). 
Henry Tykton Hodgson (1873). 
William Lamond Howie (1876), 
Edward Lewis James (1912). 

David Smith Jardin (1902). 

Edgar Dingle Jones (1912). 

.John Sydney Keel (1917). 

Douglas Rayment Keller (1913). 
William Joel Kemp (1882), 

Ilassum Alidina Lakhani (1909). 
Edmund Albert Letts (1879). 


Thomas Stratford Logan (1902). 
Thomas Watson Lovibond (1882). 
Sydney Lupton (1872). 

George Cannon McMurtry (1889). 
Charles Stewart Maries (1918). 
Edward Matthey (1884). 

Elias Mendoza (1918). 

Alexander Milne (1885). 

Sir Alexander Pedler (1870), 
Mulgrave Daniel Penney (1870). 
George Frederick Tyier Phillips 
(1904). 

William Ping (1889). 

Joseph Price Remington (1886). 

Alfred Gordon Salamon (1880). 

John Scudamore Sellon (1875). 

Alfred Senier (1875). 

Walter Dairy m pie Severn (1896). 
John William Shepherd (1899). 
Richard Spencer (1886). 

James Carter Spensley (1917), 

Henjy Charles Stephens (1880). 
Edward Gumming Thompson (1894). 
John Bishop Tingle (1889), 

Thomas Tyrer (1876). 

Herbert William Mills Willett (1906). 
Christopher Wilson (1894). 

Reginald Cciwdell Woodcock (1871). 
John Young (1874). 


Resignations have been received from : 


William James Bees (1905), 

Hugh Garner Bennett (1909). 

Kula Bhiishan BhaHuri (1903). 
Frederick Raine Ennos (1914). 
Yagardas Purushottam Gandhi (1915). 
JiJiii Thomas Hall (1903). 

Herbert Edwin Macadam (1896). 
David Jamc.s. Morgan (1895). 


Frederick Filrner de Morgan (1897), 
.loseph Morris (1891). 
i\[alur Srinivasa Run (1910). 
Abltayacharan Sanyal (1891). 
Robert Oreig Smith (1891). 

Tliomas May Smith (1910). 

Alfred Tingle (19(M). 

.Tames Woodward (1888). 


The congratulations of the Society are offered to Professor 
William Odling, Past-President, elected a Fellow on January 17th, 
1848, who has now completed seventy-one years as a Fellow. 
The Society's congratulations are also extended to ; 

Elected. 

Dr. Augustus George Vernon Harcourt (Pa<;t- President) Feb. 3rd, 1859. 

John Spiller 1'^'^- 

Josiah Wyckliffo Kynaston 

Tliomaa. William Salter 17th, 1859. 
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who have been Fellows for more than sixty years, and to 
following, who have attained their jubilee as Fellows: 


Elected. 

John Hughes 186a, 

Edwaid Knowles Muspratt 2lst, 1869, 

Thomas Bolas 18th, 1869 ^ 

Frank Clowes 18th, I 869 , 


The volume of Transactions for 1918 contains 995 pages, of 
which 849 pages are occupied by 89 memoirs, the remaining Hfi 
pages being devoted to the Obituary Notices, three lectures on 
special subjects, the Report of the Annual General Meeting, and 
the Presidential Address. The volume for the preceding year con* 
tained 95 memoirs occupying 960 pages. The Jpumal for 1918 
contains also 2,436 abstracts occupying 1,032 pages, whilst the 
abstracts for 1917 numbered 2,858 and occupied 1,308 pages. The 
great decrease in the number of memoirs in journals devoted to 
Chemistry and allied subjects referred to in the Reports for 1916 
and 1917 became, as was expected, still more marked in 1918; 
there is, however, some slight reason to hope that the lowest point 
has been reached, and that an increase in the number of papers 
abstracted may now be anticipated. Whilst most of the Continental 
journals have been obtained for abstraction, no Russian journals 
have come to hand during the year. 

In the last Report, an account was given of the arrangements 
made by a Joint Committee of the Chemical Society and Society 
of Chemical Industry to minimise duplication in the abstracts pub- 
lished in the Journals of the two Societies. This arrangement has 
been in force during the year with satisfactory results. 

The abstracts may be classified as follows: 


Pabt I. 

Pagea. 

Organic Chemistry — 

Physiological Chemistry — 

Chemistry of Vegetable Physiology and Agriculture ... — 

564 


Pabt II. 


General and Physical Chemistry 

Inorganic Chemistry j.. 

Mineralogical Chemistry 

Analytical Chemistry 


No. of 
Abstracts. 
771 
237 
160 

1,168 


557 

205 

69 

447 


Total in Parts I. and II 


468 

1,032 


1,268 

2 ^ 
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The scheme tor supplying the abstracts of the Chemical Society 
jnd of the Society of Chemical Industry to the members of both' 
Societies has been further considered, but owing to many diffioul 
ties arising out of the war, such as the greatly increased cost of 
production, it has been postponed for the present. 

The Report on the progress of Radioactivity for 1917, which was 
omitted from the last volume of Annual Reports, is included with 
that tor 1918 in the current Volume XV; it has been decided to 
postpone the Report on Crystallography and Mineralogy for 1918 
and to combine this with the Report for 1919, Permission has 
been given for the publication of a French translation of Volume 
XV of the Annual Reports. 

The publication of the List of Fellows has been resumed, but 
owing to the need for economy, the list has been issued only to’ 
those Fellows who made application. 

Following the scheme initiated three years ago, arrangements 
have been made for the delivery of Lectures to the Society during 
the present session. The first, entitled " The conception of the 
chemical element as enlarged by the study of radioactive change,” 
was given by Professor F. Soddy on December 19th; on March 6th 
a lecture on “Emission spectra and atomic structure” was 
delivered by Professor Nicholson, whilst Professor Jeans will give 
a lecture on May 1st dealing with " The quantum theory and new 
theories of atomic structure.” 

The address delivered by the President at the last Annual 
Meeting was, by order of the Council, widely circulated tlirough- 
out the country. The emphasis laid in this address on the 
desirability of closer co-operation between the societies represent- 
ing the various branches of chemistry has given rise to a definite 
step m this direction by the promotion of "The Federal Council 
for Pure and Applied Chemistry.” The Federal Council consists 
of representatives appointed by the following eleven societies : the 
Chemical Society, the Society of Chemical Industry, the Associa- 
tion of British Chemical Manufacturers, the Institute of Chemistry, 
the Society of Public Analysts, the Faraday Society, the Bio- 
chemical Society, the Iron and Steel Institute, the Institute of 
Brewing, the Society of Dyers and Colourists, and the Society of 
ass Technology. The delegates elected by the Council to repre- 
^nfc the Society on this body are Professor H. E. Armstrong, Sir 
illiam J. pope, and Sir William A. Tilden. The primary objects 
0 the new body are to consider and act upon all matters involving 
e common interests of the constituent societies and to deal with 
question which these may place before it. The provision of a 
ouse adequate to the requirements of the chemical profession, in 
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which a complete scientific and technical Librajfy could 
assembled, is now under the consideration of the Federal Council, 

The Council have had under consideration the present condition 
of chemical research, and they have given particular attention t 
the question of the adequacy of the sums available for grants am 
to the restricted supply of pure chemicals. Since it appears 
desirable that united action should be taken in these matters, th 
Federal Council has been requested to consider them, and ha 
already taken action in both directions. 

The demobilisation of chemists has also had the earnest atter 
tion of the Council, and joint representation with the Koys 
Society, the Institute of Chemistry, and the Chemical Warfai 
Department has been made to the proper authorities. 

The Council have recently received a valuable report from th 
General Committee of Chemical and Allied Societies on the pn 
posed publication of chemical compendia in the English languagi 
The report has also been placed before the Federal Council an 
the councils of other interested societies, including those of t> 
American and French Chemical Societi^, with the view of securiu 
their co-operation. 

During the past year a Committee has been appointed to coi 
sider what changes it is desirable to make in the Bye-laws of tl 
Society. In their report, the Committee have recommended coj 
siderable changes, bub these are in several respects inconsistent wit 
the terms of the present Charter, and therefore cannot be mac 
until a supplemental Charter has been obtained. The questic 
whether application for a supplemental Cliarter should be mac 
will shortly be laid before an Extraordinary General Meeting, 

Sir William A, Tilden represented the Society on the Section 
Committee of the British Scientific Products Exhibition. 

Professor P. F, Frankland and Dr, A. Scott continue to act 
the Society's representatives on the Conjoint Board of Scientii 
Societies, whilst Sir William J. Pope has been appointed a delega 
to the International Association of Chemical Socaeties in place 
the late Sir William Ramsay. 

The Council are glad to report that, as a result of the Conft 
ence of Chemical ani»pi Allied Societies, a scheme has been prepan 
and is now in operation for increasing the use of the Library ai 
extending its technical equipment. The co-operation and fiflaoci 
assistance of the Association of British Chemical Manufacture 
the Biochemical Society, the Faraday Society, the Institute 
Chemistry, the Society of Chemical Industry, the Society of Dy^ 
and Colourists, and the Society of Public Analysts have be 
obtained. The members of th^e societies are now able to use t 
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liibrary on the same t^rms as Fellows, and their representatives 
jiave been added to the Library Committee. 

As already announced, the Library is now open to 9 p.m. on 
Tuesdays and Fridays and to 5 o’clock on Saturdays, in addition 
to those evenings on which the Society meets. 

The number of books borrowed from the Library during 1913 
vas 2,905, as against 2,157 in the previous year and 1,610 in 1916. 
The additions to the Library comprise 126 books, 255 volumes of 
periodicals, and 31 pamphlets, compared with 155 books, 282 
volumes of periodicals, and 54 pamphlets in 1917, 

The Council have the pleasure to report that a valuable gift of 
handsomely bound volumes of periodicals and systematic works has 
been received as a bequest from the late Mr. Sydney Lupton. 

The accounts for the year 1918 show a balance of income over 
expenditure amounting to j£2,489 4«. id., as against ill, 652 9s. llrf. 
reported last March for the previous year. Whilst the income 
from all sources has been £10,082 14^, 11 <^., and is thus greater 
than that recorded for 1917 by £1,552 16^?. Ocf., the expenditure has 
exceeded that of 1917 by £716 Is. Id., reaching the sum of 
£7,593 IOj, 7d. Thus, although the increased expenditure exceeds 
the similar increase on the outlay for x916, indicated by the Report 
of last year, it has been amply covered by the larger revenue. 

The latter factor is composed of additional life compositions, 
£ 102 , and admission fees, £362, whilst the subscriptions account 
reveals an improvement by £381 10 s. Od. To these are added 
increases of £89 12^. 7d. from interest on investments, £262 9^. lOrf. 
from the sale of publications, and £92 I 65 . llt^. from advertise- 
ments in the Journal, although the net gain to the Society from 
this source is only £32 6 ^. id., owing to increased cost of printing. 
Donations to the Library amounting to £280 5«. Od., and not 
having a corresponding reference in the Report for 1917, cannot 
properly be regarded as increased revenue, as more than this sum 
will be expended by the Society during the current year in 
augmenting the usefulness of the Library to members of the sub- 
scribing bodies. 

As was anticipated from the conditions prevailing during 1918, 
expenses in producing the various publications have been greater 
than the corresponding costs for 1917, the total increase being 
£390 195. 7d., of which £128 bs. U. is due to the list of Fellows, 
a publication suspended in 1917. The fact that this compilation 
cost £73 U. 6 d. in 1914, £73 6 s. 7d. in 1915, and £73 16s. id. in 
1916 throws an interesting light on the increase in printing charges 
and on the period of the War at which this became acute. 
Administrative expenditure has also increased from £1,472 45 . 5d. 
VOL. CXV. Q 
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to £1,681 6ff. 5d., the principal itemB on this account bebo 
£161 Us. \^d. in staff salaries and war bonus, whilst miscellaneou* 
printing, stationery, and postages have together increased by 
£85 18^. %d. On the other hand, the exceptional outlay in library- 
furniture required in 1917 has not been repeated, and is reflected 
in a saving of £61 9s. 9c/. in the year under review. 

The War has continued to affect the volume of Transactions and 
Abstracts, as indicated by the following synopsis : 

Number of Pages. 




Trans. 

Abstr. 

Total. 

1914 


2,909 

2,068 

4,977 

1915 


1,862 

1,944 

3,806 

1916 


1,568 

1,532 

2,900 

1917 


1,128 

1,308 

2,436 

1918 


995 

1,032 

2,027 


Nevertheless, the cost of printing the Journal has been 
£2,750 8s. 3c/., instead of £2,543 7s. 9c/. in 1917, so that a reduc- 
tion of 409 pages corresponds to an increase of £207 Os. 6c/. in 
expenditure; this is owing to further appreciation in the cost of 
paper and to the necessity of raising the bonus paid to the printers, 
which now stands at 72^ per cent, on the pre-war rates. 

£2,000 National War Bonds were purchased during the year, and 
the estimated value of the Society’s other investments has improved 
by £414, so that, having regard to the fact that on December 31st, 
1918, the cash account was about £420 higher than on the last dav 
of 1917, the assets of the Society show an increase of £2,834, or a 
total increase of £3,640 if the Kesearch Fund at its preseiii 
estimated value is included. 

The following grants have been made from the Research Fund 


during the year : 

Organic derivatives of bismuth. F. Challenger £15 0 0 

An investigation of the phthalein aeries. M. Copisarow. ... 10 0 0 

The velocity of reaction between, the alkyl iodides and 

sodium methoxide. H. E. Cox. 10 0 0 

Formation of heterocyclic ring systems by the condensation 

of chlorocarbamic esters and alcohols. R. L. Datta. ... 10 0 0 

The action of alcohols on urea nitrate. P. K. Dutt. ... 5 0 0 

Influence of the nitro -group on the mobility of the sub- 

atituentg in thy benzene nucleus. J. Kenner. ... 5 0 0 

The composition and structure of soaps. J. W. McRain. ... 15 0 0 

Melting points of the substituted amides of the normal fatty 

acids. P. W. Robertson 660 

Synthesis of j8 phenyl-j8 -hydroxy methylethylamine from cin- 
namic acid or ethyl cinnamate. E. H. Todd 10 0 0 

The space formuhe of diphenyl and its derivatives (con- 
tinued). R. E. Turner. 10 0 0 

£96 6 0 


Total 
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INCOME AND EXPENDITURE ACCOVm 


Income. 


To Uf« CoiBpositloiw 

„ Admlssioti Keen 

,, Antinil Subscription!!— 

Beceived In sdvanc**, on account of 191S 

,, during 191S „ 

„ „ „ „ 191T 

,, ,, II „ 1916 anil previous 


£ 


t 



*. d 

0 i) 

ii il 


139 3 4 
4729 16 3 
392 0 0 
62 0 0 


53S3 0 0 

Let* amount included in last year's Income, being valuation of 
Arrears as per last Balance Sheet 400 0 0 


Add ArroRrs at dato ; 191S, £670 ; 1917 and previous, £024, estimated 
to realise as per Ltalanoe Sheet ... ... 


„ La<ly Subscribers ™ 

Invetitineids 

Dividends on £6730 Metropolitan Consolidated 3.^ per cent. Stock ... 
,, £1000 London and North Western Railway 3 per cent. 

Debenture Stock 

,, £1520 14r. 3d. Cardilf Corporation 3 per cent. Stock ... 

,, £1400 India per cent. Stock 

,, £2400 Bristol Corporation 2^ per cent. Debenture Stock 

„ £4341 Midland Railway 2^ per cent. Preference Stock 

,1 £1200 Leeds Conniration 3 per cent. Debenture Stock... 

,, £1500 Transvaal 3 per cent Guaranteed Stock, 1928/53 

,, £1300 North British Railway 3 per cent. Debenture 

Stock 

,, £700 Canada per cent. Stock 19.30/50 

,, £5200 5 per cent. War Stock and War Bonds 

„ Income Tax Recovered 

,, Interest on Deposit Account 


4923 4 g 
460 0 0 

5383 (I 0 


170 15 8 

23 4 7 
33 1 6 

25 7 6 
^ 0 !) 
W 7 2 

26 2 0 
81 10 0 

25 13 1 

20 6 ti 
20.5 8 5 

170 0 1 
27 7 2 


I, Publication Sales:— 

Journals 1728 G 0 

Proceedings 2 4 6 

Collective Index 33 17 2 

Library Catalogue 119 

Atomic Weight Tables 10 6 

Annual Reports on Pn^esa of Chgmistry 24.5 9 6 

Meiimrial Lectures 3 11 

Jubilee Volumes 0 17 6 


2015 8 0 

Lmj Publishers' Coinmlasion 194 12 11 

1S20B 

„ Prcceede of Advertiser <:iits in Journal £403 S 0 

i<J!J Comiiiission 29 8 t 

3::! 1? 


„ Miscellaneous Receipts 

,, Subscriptions from other Societies 

Donations to Library 


410, OSJ l‘ 
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m TB* YEAR BNDBD 3l8T DECEMBER, 1918. 


Expenditure, 


(i, Sipenses on account of Journal 
Silsrr of B>lltor. including lodaxtng 
Salary of Sab* Editor and Asaistant 
Editorial Postagw .m 

Abetiactors’ 

FrintiDg of Journal 

Binding - 

Printing of AdFortiBeinonts 

Wrappers and Addressing 

Distribution of Journal 

Authors’ Copies ... 

Insurance of Stock ... ... 


0 (I 
2j0 0 0 

•21 IS r, 

240 12 1 
2750 8 3 
S4 2 6 
104 13 2 
4 5 4 
398 10 4 
111 11 1 
14 11 8 


Animal Reports on the Prioress of ChejiUHtry 

' Pnrchase of back numbers of Journal 

last of Fellows 

, LibraryEipenaes;— 

dalary of Librarian aud Assistant 371 17 u 

Books and Periodicals ] 8 

Binding 42 4 6 

613 3 2 


460 4 0 
6 4 3 
128 5 2 


„ Indexing fOr International Catalogue 

„ Donation to Interuational Commission of Publication of Annual 'Tables 
of Constants and Muiuerical Data, Chemical, Physical and Techno* 

logical 

„ Donation to Board of Scientific Societies 


„ AdministritiTe Expenses 

Salary of Staff ... 530 15 n 

War Bonus 254 6 7 

Wages (Commissionaire, Ilousekeaper, and Charwoinaii) 215 10 0 

Coal and Lighting 61 IS 1 

House Expenses and Repairs .., 87 2 4 

Furniture 6 3 0 

Tea Expenses 35 .3 ;i 

Insurances 3(1 fi 6 

Accountants' Charges ... vl n o 

Commission on Recovery of Income Tax 8 lU 0 

Law Costa Ill 1« 0 

Miscellaneous Printing 129 4 6 

Stationery - 129 17 4 

Postages 1115 in s 

Miscellaneous Expenses Si 1 1 


BiUnce, being excess of Income over Expenditure carried to Balaure 
Sheet 2189 i 4 


£10,082 14 11 
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Although one disbursement (^10) only was made in 1917, the 
balance of income over expenditure for 1918 is £539 13s. gj. as 
against £563 2s. Od. for the previous year. This is explained’ by 
an increase of £50 11«. Sd. in the proceeds from investments, of 
X20 8^. 3c?. in repayments of research grants, and of £14 0«. 3i. in 
the amount of income-tax recovered. £816 19s. 2d. Five Per Cent. 
War Loan was purchased for this account during 1918. 

A vote of thanks to the Auditors proposed by the Treasureu 
was seconded by Mr. R. G. Currant, Dr. G. Senter making 

acknowledgment. 

On the motion of Mr. W. Barlow, seconded by Mr. W. F. Reid, 
^ vote of thanks was proposed to the Treasurer, Secretaries, Foreign 
Secretary, and Council for their services during the past year. 
Acknowledgment was made by Dr. F. L. Pyman. 

The ballot was then declared closed. 

The President delivered his Address, entitled Chemistry in tlie 
Rational Service.'' A vote of thanks to the President for his 
services in the Chair and for his Address, coupled with the request 
tiiat he would allow the Address to be printed in the Transactions, 
was moved by Professor H. E, Armstrong. Col. C. T. Hetcock 
seconded the motion, which was carried with acclamation, the 
President making brief acknowledgment. 

The report of the Scrutators was presented, and the President 
umounced that the following had been elected as Officers and 
l^.'ouncil for the ensuing year: 

President. — Sir James Johnston Dobbie, M.A., D.Sc., F.R.S. 

] xct-PTesidents who have filled the Office of President. — Henry 
Edward Armstrong, Ph.D., LL.D., F.R.S, ; Alexander Crum Brown, 
D.Sc., LL.D., F.R.S.; Sir William Crookes, O.M., D.Sc,, F.R.S.; 
Sir James Dewar, M.A., LL.D., F.R.S'.; Harold Baily Dixon, 
C'.B.E., M.A., Ph.D., F.R.S.; Percy Faraday Frankland, Pli.T),, 
I.L.D., F.R.S.; Augustus George Vernon Harcourt, M.A., D.C.L., 
F.R.S,; William Odling, M.A,, M.B., F.R.S.; William Henry 
Perkin, Sc.D., LL.D., F.R.S.; Sir William Jackson Pope, K.B.E., 
M.A,, D.Sc.^ F.R.S.; James Emerson Reynolds, Sc.D,, M.D., 
F.R.S.; Alexander Scott, M.A., D.Sc., F.R.S. ; Sir Edward Thorpe, 
JB., LL.D,, ^Ji’.R.S. ; Sir William Augustus Tilden, D.Sc., LL.D., 
F.R.S. 

Frederick George Donnan, M.A., Ph.D., 
FR.S.; Henry John Horstman Fenton, M.A., Sc.D., F.R.S,; 
Arthur Smithella, C.M.G,, F.R.S.; James Walker, D.Sc., LL.D,, 
F.R.S.; William Palmer Wynne, D.Sc,, F.R.S.; Sydney Young. 
D.Sc., F.R.S. 
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Treasurer .- — Martin Onslow Forster, D.Sc., Ph.D,, F.R.S. 

Secretaries.— ^a.mvie\ Smiles, O.B.E., D.Sc., F.R.S. j Ja^gg 
Charles Philip, O.B.E., M.A., D.Sc., Ph.D. 

Foreign Secretary . — Arthur William Crossley, C.M.G., D.Sc 
F.R.S’. 

Ordinary Members of Council . — Julian Levett Baker; Alexander 
Findlay, M.A., D.Sc., Ph.D. ; Francis Ernest Francis, D.Sc., Ph.D.- 
John Addyman Gardner, M.A.; Arthur Harden, D.Sc., Ph.D. 
F.R.S.; Thomas Anderson Henry, D.Sc.; Charles Alexander Hill 
B.Sc.; James Colquhoun Irvine, D.Sc., Ph.D., F.R.S.; Charles 
Alexander Keane, D.Sc., Ph.D. ; Robert Howson Pickard, D.Sc, 
Ph.D., F.R.S.; Sir Robert Robertson, K.B.E., M.A., D.Sc., F.R.S,- 
Edward Williani Voelcker. 



PRESIDENTIAL ADDRESS. 

Delivered at the Annual General Meeting, March 27th, 1919, 
By Sib William J. Pope, K.B.E., F.R.S. 


Chemistry in the National SeiDice, 

Since the autumn of 1914 a great change has taken place in the 
public attitude towards the natural sciences, and towards chemistry 
in particular. One of the recognised duties of the spokesmen of 
science during the past sixty years or more has been that of 
endeavouring to bring home to the general public and to its 
administrators the danger of neglecting th© cultivation of pure 
and applied science. The eloquent discourses of our predecessors, 
Lyon Playfair, Roscoe, Meldola, and the veterans happily still 
with us, Tilden and Armstrong, all past-presidents of our society, 
on the national importance of chemistry, are well known to all of 
us, but we cannot claim that these utterances produced an effect 
compatible with their gravity. 

Recent events have, however, given a stimulus to the popular 
appreciation of the need for wider application to scientific investi- 
gation of all kinds, which is incomparably greater than had been 
excited by the previous half-century of the spoken and written 
word. It may be useful at the present time to consider a few of 
the causes for this change in public opinion, partly because of the 
clarification of ideas which emerges from free discussion, partly 
because of the desirability of recording certain facts and particulars 
which may be of value to future historians of the strenuous period 
now ending and giving place to another still more strenuous. - 

At this time four years ago an urgent call was made for the 
services in a military capacity of all the chemists who could be 
spared from civil life. Large numbers were taken into the Army 
and formed the nucleus of the magnificent Gas Warfare Service, 
which has been slowly but efficiently developed. Many of these 
colleagues of ours are now returning to their legitimate spheres in 
the industrial and scientific life of the Empire, bub many will 
not return ; among those who have fallen I would refer more par- 
ticularly to one who is well known to most of us present for the 

A* 
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invaluable services which he rendered on the defensive side of 
chemical warfare. Lieut. -Colonel Harrison was one of the great 
discoveries of the War, and his death on the eve of the armistice 
one of its many great tragedies; the protection against gas poison- 
ing which has been employed by our own and allied troops, a pro- 
tection far more efficient than that ensured by the devices elabor- 
ated at leisure by the Central Powers, was due mainly to his wide 
knowledge, great organising ability, and unfailing resourcefulness 
in emergency. A movement for the establishment of a memorial 
to Colonel Harrison was set on foot by the Chemical Warfare Com- 
mittee, of which he was the Controller at the time of his death 
and a considerable sum has been collected from those who had been 
associated with him in his work for the Services. The Chemical 
Warfare Committee have approached the Council of the Chemical 
Society, and have offered under certain conditions to place a 
memorial tablet or other suitable permanent memorial in these 
‘rooms, and also to establish, under certain further conditions, a 
trust fund to be held by the Society. The Council have with great 
pleasure intimated their willingness to accept these gifts, and one 
of the first duties of your new Council will be to decide how best 
to carry out the provisions of the trust deed. 

The efficiency of the British gas protection, which called for the 
exhibition of so much scientific skill both in research and in manu- 
facture, and led to its adoption by our Allies, is one striking 
illustration of the paramount importance of science which has 
appealed to the general public. This subject is, however, but a 
small branch of the enormous chemical problem which presented 
itself to the nation nearly five years ago and led to the organisa- 
tion under Lord Moulton of the Department of Explosives Supplie?, 
During the working out of this problem, issues presented them- 
selves which are probably dissimilar from any that have ever arisen 
before. 

Thus, as the magnitude of the struggle became gradually obvious, 
it was realised that the whole of the resources of the Empire woulfl 
have to be utilised fully if success was to be attained. A censu? 
of all available chemical products had to be taken, and scheme? 
for their exploitaticA laid down; all materials had to be appor- 
tioned out in accordance with the principle that whatever wa? 
used for the manufacture of one particular war material left 
a corresponding shortage of raw material in connexion witli 
the manufacture of soJiie other, and perhaps equally essential, 
product. The intricacy of gauging the chlorine output of tke 
country, of determining how to increase it at the maximiini 
rate without unduly disturbing other interests, of apportioning it 
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advantageously for use as liquid chlorine and for the mami- 
factiire of phosgene, sulphur chloride, carbon tetrachloride, bleadi- 
ijig powder, and many other war materials, is such as would dis- 
arju criticism even if the result had been failure instead of brilliant 
success. This novel mode of presentment, involving recognition of 
the principle that the Empire could only dispose of certain limited 
and measurable quantities of raw materials, was but one of many 
fresh views which forced themselves upon a newly created Minis- 
terial Department. Labour, fuel, and transport had to be discussed 
ill an analogous manner. 

The cessation of hostilities found this country manufacturing, 
roughly, 100,000 tons per annum of nitric acid and sulphur tri- 
oxide, with an efficiency of about 93 and 91 per cent, respectively 
of that theoretically obtainable j we were also making 60,000 tons 
of T.N.T. and 35,000 tons of cordite per annum. These produc- 
tions were for all practical purposes on a permanent basis, and 
could have been continued indefinitely. The factories necessary 
for securing this huge production were erected by the Government, 
and for several reasons. First, for economy in production. In spite 
of the large initial cost of installation, and including rapid amortisa- 
tion, the national production of cordite was better in quality than, 
and of approximately one-half the cost of, that imported from 
America. Secondly, for certainty of supply, which could be 
ensured only by a home production not subject to the risks of over- 
sea transport. 

With this necessity for gigantic production, the urgency for 
economy in manufacture necessarily went hand in hand!" One of 
the most interesting documents of the war is the second report on 
; costs and efficiencies for H.M. factories controlled by the Depart- 
ment of Explosives Supplies, which has been recently issued. This 
report contains a minute analysis of the working costs for each 
period of each factory engaged on individual items of manufacture; 
it states what proportion of the cost per ton of product is borne by 
labour, raw materials, fuel, maintenance, etc., and provides an 
incitement to further effort towards economy of working by giving 
a “bogey” cost sheet made up of the most efficient details of cost 
selected from the complete analysis of expenses. It will be clear 
that an immense amount of organising power was required to 
achieve this stupendous result; it was due largely to the genius 
and energy of Mr..K. B. Quinan. 

ft must be remembered, however, that this permanent memorial 
o British chemical activity in production was rendered possible 
cnly by the intense effort of the army of chemists and engineers 
ibted under the command of Lord Moulton. The necessity for 

Q* 2 
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utilising all the chemical resources of the country to the 
led, in direct relationship with the census of raw materials prg 
viously mentioned, to the attempt to extract the last possible frac. 
tion of efficiency in each component process. The huge production 
just indicated made it very profitable to carry out a vast amount 
of careful scientific investigation of details of manufacture; so many 
Fellows of this Society devoted their best eSorta to this worX that 
it would be invidious to luentiou names. Our ^colleagues have had 
ample opportunity to realise that the romance of war is now to he 
found in the laboratory, the workshop, and the factory quit® 
much as on the battlefield. 

An instructive example of the operations of the struggle lor 
economy in the production of a given effect is found in the rivalrv 
which arose between picric acid and ammonium nitrate for use a? 
high explosives, Picric acid costs about £185 per ton to make 
ammonium nitrate about £50, and T.N.T. about £100 per ton; the 
high coat of picric acid means, of course, limited production. A 
mixture of 80 parts of ammonium nitrate with 20 parts of T.N.T,, 
known as amatol, was introduced early by the Research DepartmeTii 
at Woolwich, as being about 5 per cent, more powerful as a high 
explosive, less "brisant/' and more difficult to detonate, and, of 
course, far less costly to manufacture. The course of the war ha^ 
been paarked by continued progress at the hands of our research 
chemists in the preparation and applications of amatol ; the gross- 
ing appreciation of the merits of this material led to the diston- 
tinuance of the manufacture of picric acid in this country last 
summer, to the adoption of amatol in place of picric acid as the 
American standard high explosive, to the approaching eliminatk 
of picric acid from the Italian military programme, and to the 
replacement, in the main, of picric acid by amatol in the Freud 
service. 

A very pertinent question arises in connexion with the fact that 
our production of the chemical materials needed for a great 
European war was negligibly small in 1914 and has gradually 
attained satisfactory dimensions. We know that the great chemical 
factories of Cent^ ' I Europe could divert their peace production ot 
chemical products to a war output at very short notice. None d 
these huge installations requires much tame for the design and con- 
struction of chemical plant for new purposes; all possess a series oi 
standard items of equipment which can be fitted together rapidly 
to form a piece of plant capable of use for throwing any ordmacy 
laboratory operation into large-scale practice. Stills, condecseft 
pressure vessels, filter presses, cooling arrangements of coils 
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Jje like, available in standard sizes and with standard fittings 
a such a manner that the installation on a works scale of a labora* 
ory operation is deprived of its most formidable difficulties. The 
^uestiott which demands an answer is why, when the German works 
^ere in existence and could attain a war production so quickly, 
ivere the Allied nations given time to gradually develop their war 
production of explosives, noxious materials, etc., from nothing? 
The question is best answered by an example. 

In July, 1917, the Germans first used against the Allies a new 
offe|sive material, /BjB-dichloroethyl sulphide, (CHqC 1 ’CH 2 )«S, and 
with very great success. This substance, the so-called “mustard 
(,as ” has but little odour, and exposure to it causes comparatively 
lew fatalities; inhalation of, or contact with, its vapour gives rise 
to acute pneumonia, to the production of painful sores, and to 
temporary or even permanent blindness. Whilst, as has been 
stated the actual mortality is low, and the use of the substance 
may to this extent be described as humane, the casualties produced 
are very numerous; slight exposure to a material so toxic and so 
difficult to detect leads, in general, to six weeks in hospital. The 
preparation of j8i5-dichloroethyl sulphide was described by Victor 
Meyer in 1886,' and involved the several operations indicated by 
the following set of equations: 

(1) CHotCH^+HClO-CH.Cl-CH^'OH. 

(2) SCH^Cl-CH^-OH + Nai^ (HO-CILy CHo) 2 S ^ 2JVaCl, 

(3) (H0-CH2-CH2)2S + 2HCr= (CHcCl'bllo)./^- 211.0, 

When it is realised that operation No. 1 is difficult and that the 
products of reactions (1) and (2) are soluble in water, it will be 
understood that no small difficulties must present themselves in 
the manufacture of jByS-dichloroethyl sulphide by this process on a 
large scale. The examination of the German product made it quite 
clear, however, that the process of manufacture adopted was that 
indicated by the above set of equations; the over-all yield of pro- 
duct is perhaps 40 to 60 per cent, of the theoretical In view of 
the difficulties of manufacture, it was fairly certain that no 
chemical installation for its production could be established under 
the control of the Allies within any reasonable time; the Central 
Nations thus supposed that they held the monopoly of a very 
powerful instrument of war. 

Most British organic chemists were, I think, amazed at the 
method of production adopted by the German manufacturers; to 
apply such a technically cumbrous process for the manufacture of 
so simple a compound seemed quite irrational. By the end of 
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January, 1918, a process for making jSjS-dichloroethyl sulphide had 
been worked out in the Britasb laboratories, which consisted of ihg 
reaction expressed by the following equation : 

+ SA = (CH2C1-CH2)2S + S ; 

the yield obtained in the laboratory was 98 to 99 per cent, of that 
theoretically possible. The new method was communicated to 
France and America, and installed by the three Great Allies on 
a large scale; at the conclusion of the armistice the available daily 
production of mustard gas by the Allies was equal to the monthly 
production of the Central Nations, * 

The answer to the question just put is now available. The 
German chemical service was inefficient; the scientific chemisb 
under its control were incompetent. 

The Allied production of mustard gas had a potentiality of the 
order of thirty times as great as that of the Gerrrian ; the cost of 
the German material was of the order of thirty times as great a? 
that of our product. Cost of production under the conditions pre 
vailing for this particular material means, in the end, expenditure 
in labour ; that we were able to produce at something of the order 
of one -thirtieth of the cost of the German production means that 
by the allocation of the same quantity of raw materials we could 
secure thirty times the output. The relative strain on the pro- 
ductive resources of the Allies and the Central Nations caused 
by a demand for a certain quantity of “mustard gas'^ is measured 
roughly by the indicated ratio of one to thirty. 

AVhilst many instances similar to that of mustard gas might Ijh 
quoted to show that Germany has been badly served by her scien- 
tific men during the war. it would be difficult to overrate the effects 
of the skill and perseverance exhibited by the German chemical 
manufacturer. The command of great and long-established 
factories for fine chemical manufacture enabled the German 
technologist to throw faulty academic projects rapidly into large- 
scale production; the cast, namely, the strain on national resource?, 
was enoniious, but that an output could have been achieved is a 
significant tribute the potentialities represented by the large 
German fine chemical factories. Both in Britain and Gennacy 
prorluciion in chemical manufacture has been multiplied during 
the war, but necessarily in a different manner. Our large produc 
tion is almost entirely of war importance, and most of the works 
installed during the war must now be dismantled as a result of th“ 
cessation of hostilities ; the German expansions, on the other hand, 
constitute a permanent addition to the potentialities of peace manu 
facture of staple marketable products. The war has left Germany 
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^ith vastly increased resources as a manufacturer of much needed 

chemical products. 

The view that our country is superior to Germany in the posses- 
sion of creative scientific power has always been maintained in 
modern times by students of philosophy and history ; the correct- 
ness of the view has been amply demonstrated during the last four 
years. Whilst our nation has overcome its initial handicap by a 
continuous flow of novel scientific devices of military value, our 
enemies passed through the war with little more in the shape of 
novel effects than those laboriously elaborated during the preceding 
years of peace. The more brilliant position which Germany lias so 
long held in applied science arose from the keen appreciation ex- 
hibited by German public and official authorities of the rich 
economic fruits to be reaped from the systematic exploitation of 
scientific industry as compared with the neglect of scientific effort 
sliown by corresponding classes in this country. Even yet, but small 
encouragement exists for those who desire to see pure and appliefl 
science flourish as it deserves in Great Britain ; although it may ha 
long before the scientific industries of Central Europe regain their 
former predominance, there seems but little prospect of sufficient 
official encouragement being given in this country to scientific and 
industrial initiative to ensure our position in the competition with 
other nations. 

In this connexion it is interesting to notice what is happening 
ill the United States. Immediately after her entry into the war 
America initiated a census of chemists, and in July, 1917, a fully 
detailed description was available of some 15,000 chemists resident 
in the States; a research staff consisting of 1200 technical men with 
appropriate assistance was enlisted for the Research Division of the 
Chemical Warfare Service alone. Since America was only in the 
war for about eighteen months this powerful organisation had not 
time to make its efforts properly felt. Apart from small improve- 
ments or changes in detail, practically all the American chemical 
equipment, both for offence and defence, was manufactured on the 
detailed plans furnished by Great Britain or France; the available 
time was too short to allow full play to American genius for novelty 
and for magnitude of production. The necessity for co-operation 
brought' large numbers of young and active American chemical 
officers to Europe; it gave those officers for eighteen months the 
entry to practically every chemical works of importance in England 
and France, and unrivalled opportunities for accurately judging 
European chemical methods and markete. These men have now 
returned to their ordinary scientific and technical pursuits in the 
States, and it cannot be expected that they have left behind them 
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the unique experience which they have gained of European con^i. 
tions. 

We may anticipate that competition in pure and appli^ci 
chemistry between Europe and. America will become increasingly 
keener during the years to come. The competition is already 
intense, and gives little promise as yet of turning in our favour- 
it isj in fact, difficult to see how many of the staple products of fine 
chemical manufacture can hold their own in Great Britain against 
American competition under the conditions which arose during the 
first three years of the war. During these years peace production 
flourished in the States free from Government control, whilst in 
this country the establishment of a fine chemical industry in war 
time was naturally rendered far more difficult by State control of 
works, materials, and labour. The bearing of this may be made 
clear by an instance. The manufacture of “saccharin” was in- 
stalled in England after the outbreak of war, but the production was 
controlled in that the manufacturers were only permitted to sell at 
a profit of 10 per cent, on the cost, this profit being, in turn, subject 
to the excess profits tax; further, to prevent the economic difficulties 
which were foreseen if “ saccharin ” competed with sugar, the price 
of English-made “ saccharin ” was fixed at a figure which involved 
the very large addijjgn of thirty shillings per pound to the price, this 
addition being appropriated by the Government. Simultaneously, 
“saccharin” was manufactured free of all control in the States; it 
came into this country unrestricted and on such terms tliat the 
American producer took the thirty shillings per pound just men- 
tioned in addition to the considerable profit previously made by 
reason of lower cost of manufacture. America having thus been 
assisted by our Government to build up a large reserve of profits, is 
now actually selling “ saccharin ” in England at eleven shillings per 
pound — a price at which it cannot be produced here — apparently 
with the legitimate trade j^urpose of destroying the English manu- 
facture and subsequently if.nning up the price. 

Many cases may be quoted as closely analogous to that of “ sac- 
charin,” notably in connexion with acetic acid, glycerol, acetone, and 
methyl alcohol and t.ieir products, in which British procedure has 
facilitated profiteering in foreign countries during the war. The 
excess profits tax operated insidiously in tempting British manufac- 
turers to keep prices high so as to retain a margin with which to 
write off capital expenditure in spite of the tax; the foreign coiU' 
petitor, free from Government control of raw materials and exempt 
from the excess profits tax, was able to take full advantage of the 
ruling high rates. It will be of interest to see how the problems 
introduced by these actual occurrences are to be solved advantage* 
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ously for Great Britain in the great reconstruction upon which our 
administrators are now engaged. 

Sufficient has probably now been said in justification of the rapid 
appreciation of science, and especially of that branch of science 
with which we are particularly concerned, in the public and 
administrative eye. The sudden incidence of new scientific inodes 
of military and naval attack and the quick improvisation and 
development of equally scientific means of reply, both of which 
have been so frequently exhibited during the past five years, must 
have seemed uncanny to the lay observer, who only realist the 
effects but did not understand the causes. 

At the present time, however, most Fellows of this Society liave 
little leisure to reflect on the ghastly tragedy in which it has Wn 
our privilege to assist; the curtain has fallen upon this, hut is rising 
again on the greatest epoch in the history of the world. Tlie 
coming struggle for scientific and industrial position, on the'results 
of which must rest the whole intellectual, artistic, and material 
future of our race, will call for longer, greater, more persistent 
and more intelligent effort than any which we have hitherto 
exerted. We are forced to consider whether we have reason to hope 
tliat the recent lessons have been well brouglit home and whether 
the free play given to scientific creation and production during the 
last five years is to persist unhampered in the future. For purposes 
of war our administrators gave every incentive to scientific 
investigation; money, men, and material were provided for the 
asking, free from Treasury control, free, in fact, from all control 
other than that of the scientific worker able and willing to organise 
and execute a necessary piece of work. 

I see no reason to think that the lesson has been properly learnt 
and every reason to anticipate a re-establishment of that parsimoni- 
ous treatment of scientific effort which seems now to belong to a 
past age, hut with which we were all well acquainted five years ago. 
The control of scientific research is again leaving the hands of the 
scientific man and being resumed by the lay administrator. The 
old remark has been resuscitated quite recently that “it is a 
common-place among administrators to fear the expert.^ The non- 
technical administrator has no means of distinguishing the expert 
from the charlatan; he has perforce to regard the scientific expert 
as the lineal descendant of the “ adept ” of alchemical times whose 
claim to recollection is based upon the adroitness with which he was 
able to divert public funds to his own base purposes. 

It is quite clear that if scientific research is to be assisted by 
Ibe State — and unless so aided it will languish and carry with it 
into decadence every activity of the Empire — it must be adminis- 
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tered by men of scientific training and eminence; any other loode 
of procedure will necessarily lead to the strangulation of scientific 
effort by departmental red-tape. In this connexion it is again 
instructive to refer to American practise; our blood-relatives across 
the Atlantic had three years in which to study in peace the effort' 
which we were making in war, and it cannot but be useful to 
observe the manner in which they propose to profit by our experi 
ence. 

In 1916, President Wilson, a University professor and an expert 
now one of the most imposing figures in terrestrial affairs, called 
upon the National Academy of Sciences at Washington to nomin- 
ate the members of a “ National Research Council ” ; the object of 
this new organisation was stated to be that of co-ordinating the 
scientific work of the country in order that the scientific probleins 
both of war and of peace might be more efficiently solved. The 
National Research Council is under the presidency of one of the 
most eminent among the active American men of science, Professor 
George E. Hale, of the Mount Wilson Observatory, and has large 
funds at its command for research purposes. Two points are con- 
spicuous in connexion with the American programme: first, the 
substitution of the professional lay administrator by the ordinary 
office staff ; secondly, the recognition of the close interdependence of 
pure and applied science. Tlie contention which has long been 
advanced in this country, that an adequate output of purely aca- 
demic chemical research work and the existence of a flourishing, 
fine chemical industry are mutually essential, is here tacitly ac- 
cepted; the former seeks in the industries remunerative positions 
for the products of its training, and the fine chemical industry looks 
to the scientific investigator for inspiration and new directions for 
enterprise. The nation which possesses an extensive organic chemi- 
cal industry controls chemical warfare, the production of pharma- 
ceutical and photographic products, the textile industry, and many 
other great departments of human activity. 

The operations of the great American organisation for the stimu- 
lation of scientific research work are already making themselves felt- 
They have produced ^just recently an entirely novel method for 
oxidising naphthalene to phthalic acid, presumably by the use of 
atmospheric oxygen and a catalyst, which gives a 95 per cent, yield, 
and are responsible for the huge nitrogen fixation scheme now under 
installation in the States, These two illustrations alone, the one 
small and the other large, leave us in no doubt as to the influence 
which the National Research Council is destined to exert on scien- 
tific and technical progress throughout the world. 

If British science ie to make itself adequately felt in the great 



POPE : CHBMISTEY IN THE NATIONAL SERVICE. 407 

intellectual and material advances of tl,e near future, British n.eu 
of science must be entrusted with the initiative power and the com 
„and of money which they have enjoyed during the past Lw 
years; unless this is done our Empire will, as before, continue to 
tall behind other great nations as a contributor to the increasin! 
mass of pure and applied scientific knowledge. 

In an address which I had the honour of delivering in this room 
a year ago attention was called to the necessity for closer co-opera 
tion between the large Societies representing the various chemical 
interests in Great Bntam. During the past year action has been 
taken m this matter, and some fifteen of the Societies have colla- 
borated in the establishment of a Federal Council for Pure ami 
Applied Chemistry, the functions of which is to advance, safe- 
guard, and voice the interests of chemical science. The Federal 
Council consists of representatives nominated by the com|K)nent 
bodies, and is already occupying itself actively with the questions 
within its purview; it has moved with some success in connexion 
with the claims of experimental science to recognition in the 
recently established scheme for education within the Army, with 
the provision of fine chemicals for research purposes, with tlie 
remuneration of scientific posts, and with other matters. Tlie 
Federal Council will continue to apply itself to those questions 
which are of importance to chemists as a class leaving more specific 
chemical interests to be dealt with by the appropriate constituent 
.'societies. A very similar project for the consolidation of the larger 
oliemical interests isriii course of execution by our French col- 
leagues. 


It is beyond question that a central house for accommodating the 
chemical societies in a manner more proportionate to their import- 
ance than is at present possible sliould be provided, that a common 
chemical library far more complete than any now available in this 
country should be at our service, and that some comprehensive 
scheme for the publication of compendia of chemical knowledge 
should be put into operation. A very imposing and costly pro- 
gramme confronts the recent amalgamation of chemical interests, 
but the universal approval which greeted tlie proposition for 
creating a Federal Council for Pure and Applied Chemistry is a 
happy augury for the future usefulness of the new organisation. 
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JOHN PERCY BATEY. 

Bokn March 22nd, 1889; Killed in Action April 9th, 1918. 

John Percy Batey, M. Sc. (Tech.), was educated at the Manchester 
Municipal Secondary School, where he was awarded a three years’ 
scholarship to the Manchester School of Technology. He took the 
degree of B.Sc.(Tech.) in 1908 when nineteen years of age, and was 
also awarded the Schuster Research Scholarship. Twelve months 
later he was made M. Sc. (Tech.). For a time he was lecturer and 
demonstrator, and in 1911 he became assistant to Dr. Liebmann of 
Wey bridge, where he remained until he enlisted in January, 1915, 

He joined the Public Schools Battalion, the Middlesex Regiment, 
transferring later to the Royal Engineers, and went to France in 
August, 1915. He was promoted to the rank of Company Sergt.- 
Major in September, 1916. In 1917 he was awarded the Belgian 
Croix do Guerre, and in 1918 the D.C.M. 

With regard to the D.C.M. the Gazette published the follow- 
ing: 

“ He volunteered on no less than eleven times in one moptli to 
conduct parties carrying rations and supplies over a very miicli 
exposed area that was being heavily shelled by the enemy to gun 
emplacements in the front line. The fine example of courage and 
devotion to duty of this warrant officer had an excellent effect on 
the N.C.O.’s and men of his company.” 

F. B. 


LIEUT CHARLES WILLIAM DICK. 

Born April 10th, 1895; Died on Service November 9th, 1918. 

Lieut. Charles William Dick, R.A.F,, died of pneumonia on 
November 9th last in Cliff Military Hospital, Felixstowe. Mr. Dick, 
who was the younger son of the late Mr. J. Dick, schoolmaster, 
North Shields, took Ist Class Honours in his Inter B. Sc. (London) 
on leaving Rutherford College, Newcastle-ojvTyne, in June, 1912, 
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a»d in the autumn of the same year gained an open science scholar** 
ship at Cambridge University and became a scholar of Trinity Hall 
In the autumn of 1913. He passed his final for the B. Sc. (bond. ) 
in 19U, completing two years’ residence he postponed 

further study to become a chemist at Messrs. Curtiss’ and Harvey's 
explosives works at Cliffe, near Chatham, and whilst tliere was 
elected a Fellow in 1917. He joined the Meteorological Section of 
the R.N.VJl. in April, 1918, and after completing his training was 
appointed meteorological officer at Felixstowe Air Station, and on 
the creation of the R.A.F, was transferred to its establisli merit in 
August, 1918. 

J. E. J). 


JAMES HECTOR BARNES, D.Sc. 

Born 1879j Died 1917. 

" I AM sorry to say I have been in very poor health all the summer 
and had to take six weaks’ leave in Kashmir this autumn; it was no 
holiday, however, for I spent four weeks of it in bed with an 
irregular pulse — ^the old story of India, malaria, and, the doctors 
say, overwork. I hope to come home next summer, for I do not 
think I can stand another Indian summer here without first having 
a rest in a decent climate. I shall look you up then, and I hope 
you will be kind and put me in the way of being useful while at 
home*on leave as I really cannot idle about.” 

These extracts are from a letter dated November 30th, 1916, 
received from Hector Barnes. He did not come home, and 
his prophecy was fulfilled ; he did not stand another Indian 
summer, but at the age of thirty- eight, in the fullness of his intel- 
lectual powers, with high hopes and with great opportunities open- 
ing before him, he died in India. It is difficult indeed to write any 
adequate record of the worth and work of such a man. The scien- 
tific work which he accomplished, had it been carried out in the 
most favourable environment, was such as any chemist might be 
proud to have to his name. But it was carried out under condi- 
tions which would only be met by a man of heroic temperament. 
Such a man Barnes in truth was. 

In the plains of Northern India, at Lyallpur, a remote station, 
on land recently transformed from a sterile desert into a luxuriant 
agricultural colony by the marvellous system of Indian irrigation, 
Barnes betook himself in 1906. Born in 1879, he had received his 
scientific training at the University of Birmingham, where he 
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studied chemistry and physics under Professors Frankland and 
Poyntiiig and graduated B.Sc. He had previously been appren- 
ticed to Messrs- Southall and Barclay, pharmaceutical chemists, and 
the experience of the practical conditions of manufacturing opera, 
tions which he there acquired no doubt added greatly to his equip- 
ment for the work that was in store for him. At LyaUpur he held 
the position of agricultural chemist to the Punjab Government and 
professor of chemistry in the Agricultural College, then at the stage 
of inception. He threw himself wholeheartedly into the work of 
designing the chemical laboratories, and in 1908 his responsibility 
were increased by his appointment as Principal of the College. A 
year later tlie College was open for the reception of students. There 
was an immediate response, as there is to every new educational 
enterprise in India j but when it was found that the College was 
not, as it was expected to be, a certain path to Government sendee 
the numbers fell with great rapidity and any belief that there was 
widespread zeal among neighbouring landowners for agricultural 
science could not be sustained. Barnes, however, had cherished no 
illusions, and he knew from the first that the foundation on which 
he must build was sound scientific research addressed as direct! v 
as possible to vital questions of Indian agriculture, and to this he 
and his colleagues bent their energies. It is not easy to give an 
idea of what that meant. The physical obstacles imposed by the 
climate and ever-recurrent sickness, the isolation from the scientific 
world and from the meagre supplies of apparatus anywhere avail- 
able in India — these alone might daunt a strong man. Add thereto, 
only in a more intense form, what we have in England — Gbverii 
ment officials in authority whose “ humanisation ” has precluded 
the slightest knowledge of what science is, what it does, and how 
it can be applied to do more— and it may be understood that it 
is only the very exceptional man who can succeed. This 
Barnes did in the most conspicuous degree. Standing in the 
laboratories at Lyallpur after some hours’ journey from Lahore 
through great tracts of solitude and finding apparently all 
the resources of a European university science department and 
men busily engaged ,111 employing the experimental methods of 
modern physical chemistry in the elucidation of fundamental 
problems in agriculture, the greatness of the achievement was very 
striking to the imagination. Within a stone’s throw were the mud 
wails of an Indian village with its population living unchanged 
in the beliefs, the thoughts, the habits of life and work that 
belong to distant centuries of the past. 

The chief lines of 'work on which Barnes was engaged were salt 
lands and their reclamation; seepage and the rising of ground water- 
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level under irrigation conditions; the sugar cane and the sugar in- 
dustry in the Punjab; the intensity of solar radiation; the Kan^^ra 
tea industry; the chemical aspect of weevil attacks upon wheat ^It 
is to be feared that his published papers and records will give no 
adequate idea of the comprehensive plans wiiich he had in his mind 
in relation to the elucidation of these problems. He talked of them 
eagerly and in the most interesting way, showing at once his sound 
knowledge of fundamental science and his appreciation of practical 
conditions. He had erected a workshop and turned out from it 
many of the fine tools required in his work, and his laboratory 
nietliods exhibited the play of great experimental skill and resource. 
Space does not admit of any extended account of these investiga- 
tions, but a little more may be said of one of them. On hig last vLit 
to Lyallpur in 1914 the writer was taken by Barnes to Narwala. 
This spot is twelve miles distant from Lyallpur, and is, or was, 
infertile salt-land, that is, land which owing to triumph of evapora- 
tion over rainfall has become impregnated with a variety of salts, 
carbonates, chlorides, and sulphates, especially of sodium, calcium’ 
and magnesium, evident as a crust of white alkali ” or “ black 
alkali” upon the soil. This condition of soil has been the subject of 
much study in America, but Barnes believed that the work had 
failed to prove useful and practical for want of a better knowledge 
of the scientific principles of the causes of sterility. If such causes 
had been first investigated time and money would have been saved, 
and in the end the tactical result would, as it always does, justify 
the scientist.” Accordingly, Barnes set himself to study as closely 
as possible the physical, diemical, and biological aspects of the 
problem. Having satisfied himself of the principles involved, he 
applied himself to the practical problem of redeeming the land at 
Narwala, and at the time of the visit referred to a tract of infertile 
land was being mole drilled. Leaving fields where the leisurely 
ryot was urging his bullock to pull the wooden plough and gently 
scratch the surface soil, one passed to the Narwala tract where a 
Yorkshire artisan was found in contest, doubly bitter to him by 
the futility of his native tongue, with native inaptitude in dealing 
with a steam-driven mechanical monster from Leeds. The plan was 
to mole drain the land and then irrigate out so much of ^he salts 
as was shown by Barnes's biological methods to be necessary. The 
results of this trial were extraordinarily successful, and it is scarcely 
possible to believe that the luxuriant crops (of which photograplis 
afterwards arrived) can have been grown on what was just before 
the war a stricken desert. Barnes in the end estimated tliat the 
of reclamation would pay between 300 and 400 per cent, on 
‘e capital outlay, and its general application would, of course, add 
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millions to tiie wealth of India. He was proposing also to apply 
the system to n on-irrigated areas by the use of water pumped from 
the subsoil. 

In 1914 Barnes married Nora, daughter of the late Colonel 
Francis Thomas Steven, Indian Army. 

As soon as the war began he bestirred himself to bring into action 
all the scientific and material resources that India could supply but 
it is impossible at present to quote his important observations on 
this subject. 

Shortly before his death Barnes, not without some reluctance on 
his part, left Lyallpur to take up at Pusa the post of chief agricul- 
tural chemist to the Government of India. What he might have 
accomplished from there it is idle to conjecture, but the thought 
of it only deepens the sense of calamity both to India and to Science 
that surrounds his untimely death. 

Barnes was every inch a man and an Englishman, When the 
writer first saw him he had just come from among his students in 
the playing fields and was in football attire, a splendid figure of a 
man, eager, resolute, honest, and kindly. He was beloved by his 
students and colleagues and respected by everyone. In summing 
up his qualities in our mind it is impossible not to be struck with 
the strength and number of endowments that are needed to produce 
the type of man who is to be the tfue pioneer of progress in India- 
endowment of body, mind, and spirit. Happily, such pioneers 
have been found in the past. They will long be needed in the 
future of India, and it is difficult to think of any better service 
to mankind than is open there to those who can bring themselves 
to thb standards that ruled the life and work of Hector Barnes. 
At Lyallpur his portrait and an annual prize have been set up to 
preserve his memory, and shortly before his death he was made a 
Doctor of Science of his University of Birmingham. His work and 
influence will endure in many fields and many hearts. 

A. S. 


(i^isORGE CAREY POSTER. 

Born 1835; Died Februabt 9th, 1919. 

In the death of Professor Carey Foster in his eighty-fourth year 
on February 9th, there are many who will feel the loss of s km 
and generdus friend, to whose gentle sympathy and encourageffi^ 
much of the haziness, as well as much of the success, of 
own lives has been due. A man of extreme modesty and o 
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If not commanding ability, C^rey Foster had made few direct con- 
tributions to scientific literature; but the soundness of his 
judgment, his almost passionate love of exact knowledge, and his 
enthusiasm, earned the respect of all, and made his presence invalu- 
able on the many committees of learned societies, the British 
Association, and the various university boards of which he became 
a member. An extreme diffidence and a nervous shyness that 
was not without a peculiar charm to those who came to know him 
well, as well as a hesitation to express a definite opinion on subjects 
on which he did not feel on the firmest ground, made it easy to 
undervalue the services he rendered to science and education during 
the course of a long and active life. 

George Carey Foster was the only son of George Foster, a calico 
])rinter and a Justice of the Peace for Lancashire and the 
West Biding of Yorkshire, and was born at Sabden, in Lanca- 
shire, in 1835. After an early education at private schools, he 
entered as a student at University College, London, where his 
studies were at first mainly directed to chemistry. He graduated 
in Honours and with a prize in chemistry in his twentieth year, 
and acted for some years as chemical- assistant to Professor 
Alexander Williamson, who had then occupied the Chair of Chem- 
istry for six years, and a warm attachment and regard sprang 
up between the two men. He left England in 1858, and spent 
some years in study at the foreign Universities of Ghent, where he 
was a student under Auguste Kekuie, at Paris, and at Heidelberg. 

At this time, however, while he continued his chemical studies, 
his interest became more and more directed to physical science, 
which was then assuming a position of increasing importance 
through the work of such men as Clausius, Lord Kelvin, and Clerk 
Maxwell, and it was natural that the refined accuracy of physical 
measurements and the readiness which they admitted of mathe- 
matical treatment should have presented a strong attraction to a 
man of his type of mind. The first e^dence of his new interest 
was the appearance in 1863 of two articles on “ Heat^’ in the first 
edition of Watts's “Dictionary of Chemistry." These articles, 
extending together to more than 150 pages of closely printed 
matter, formed an admirably concise and critical statement of the 
position of an important branch of science, and at once established 
Carey Foster’s reputation as a clear thinker and able exponent of 
physics. 

In the meantime, in 1862, Carey Foster had accepted an invita- 
tion to assume the duties of professor of natural philosophy at 
the Andersonian University, Glasgow, and , in 1865 he was 
encouraged by his friend and former teacher, Williamson, to 
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become a candidate for tbe vacant professorship of experimental 
physics at University College. His election was mainly due to tte 
high reputation he had established as the author of the artid^j 
in Watts’s Dictionary, and in October, 1865, he entered on hi« 
career at the London College, of which he was elected a fellow 
in 1867, and with which his name will always be associated. He 
resigned his professorship in 1898, at the age of axty- three, but 
was recalled to act as principal of the college for a period of four 
years from 1900, during a critical time in its history. The last 
years of his life were spent in the quiet and refinement of a country 
life on a small estate at Rickmansworth, although, until 
near the end, he was always ready to place his services at the 
disposal of the educational causes that had been so near his heart 
in former times. He became a Justice of the Peace for Hertford- 
shire, and took an interest in politics, in which he was a supporter 
of the Liberal Party. Towards the end of 1917, after the death 
of his wife, he began to feel the weight of advancing years, but 
up to within two weeks of his death he was at work on manu- 
scripts submitted to him for publication in the Philosophical 
Magazine. At the end of January of the present year he had a 
slight attack of congestion of the lungs,, which his heart was not 
strong enough to resist, and, after gradually becoming weaker he 
passed away in the presence of his children on February 9th. 

.Carey Foster’s contributions to chemistry were published between 
1857 and 1867. The writer, who is profoundly ignorant in 
chemical matters, is indebted to his friend, Dr. Forster Morley, for 
the following summary of these researches. Dr. Morley was 
engaged in several physical researches under the direction of Carey 
Foster while a student at University College, and was intimately 
acquainted with him during the remainder of his life. 

“The first paper by Carey Foster appeared in the notes and 
abstracts appended to the British Association Reports for 185/. 
It is entitled ‘On suggestions towards a more systematic nomen- 
clature for organic bodies.’ Gerhard t having introduced the term 
hmiologous to denote that two carbon compounds differed in their 
formulae by CHg cr a multiple thereof, Foster now proposed a new 
adjective, hologom, to indicate a difference of H 2 or a multiple 
of Ho. This adjective is still employed to denote the difference. 
He further suggested words composed of two Greek numerals, the 
first of which related to homology and the second to isology. Thus 
dcutritic would mean ‘belonging to the second homologous series 
and the third isologous series.’ This suggestion, together with 
many other ingenious proposals for new nomenclature, did ad 
receive support from other writers 
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'<Iu 1859 Carey Foster presented a preliiiiinary report to tlie 
Hritish Association ‘ On the Recent Progress and Present State of 
Organic Chemistry’ {Rep. Brit. Assoc., 1859, 1), This was a 
review of recent work, particularly from the point of view of the 
development of ideas about formulae. 

'^In the Chemical Society’s Quarterly Journal (1860, 13 , 335) 
find a paper ‘On Acetoxybenzamic, an Isomer of Hippuric, Acid, 
by G. C. Foster. It is dated Ghent, 1860, and is an account of 'a 
very careful piece of work carried out under the direction of Pro- 
fessor Kekule, and describes the first preparation of m-acetyl amino - 
benzoic acid, which is shown to be related to hippuric acid from 
which it might, in imagination, be derived by an interchange 
between the radicles of benzoic and acetic acids. 

"A paper published in 186r On Piperic and Hydropiperic Acids ’ 
appeared in the Chemical Society’s Journal (1862, 15 , 17; also 
in Rep. Brit. Assoc., 1861, 78, and Amiahn, 1862, 124 , 115). 
In this it is shown that piperic acid, is reduced to hydro- 

piperic acid, Ci2H,204, and a large number of the salts of the latter 
are described. 

The most important chemical work carried out by Carey Foster 
is contained in three papers published in conjunction with 
Matthiessen. The first is entitled ' Preliminary Notice of 
Researches into the Chemical Constitution of Narcotine,’ and was 
read before the Royal Society in 1860 {Proc. /?<>//. .SV., 1861, ii, 
55; rkU. Mag., 1861, [iv], 22, 398). In this the authors establish 
the formula C22H23O2N for narcotine, and show that this alkaloid 
gives off methyl iodide when heated with hy dr iodic acid. The 
oxidation of narcotine to opianic acid is discussed, and the formula 
for opianic acid, Cj^Hj^Og, correctly determined. It is also shown 
that, on heating with concentrated potash, opianic acid can be 
neatly split up into meconin and hemipic acid. A new acid, 
cotamic acid, was obtained by the gentle oxidation of cotarnine. 

The second paper on this subject, entitled ‘ Researches into the 
Chemical Constitution of Narcotine and of its Products of Decom- 
position,’ was published in 1863 (Phil. Trans., 1863, 345; an 
abridgment is given in J. Chem. Soc., 1863, 16 , 342). The 
authors here describe how, by acting on hemipic acid with hydr- 
lodic acid, an acid, C7H(.04, which they call 'hypogallic acid,’ but 
which is now known as protocatechuic acid, is obtained. As an 
intermediate product they isolated ‘methylhypogallic acid,’ now 
called ‘fsovaleric acid.’ 

''The third paper is enfcitlwl ‘Researches into the Cherhical Con- 
stitution of Narcotine and its Products of Decomposition, Part 
fl/ and was read before the Royal Society in 1867 {Proc. Roy. 
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Soc,, 16 , 39; J. Chem. Soc., 1868, 21 , 357). It- is shown that 
opianic acid, when heated with hydrochloric or hydriodic add, 
forms methyl chloride or iodide, and a new acid, ^ methylnoTopiaoic 
acid,’ CgHgOj. Thus, opianic acid may he called dimethyl- 
noropianic acid. Methylnoropianio acid yields with nitric add 
nitromethylnoropianic acid. Meconin, on heating to 100 ° with 
concentrated hydrochloric or hydriodic acid, yields methyl chloride 
or iodide and methylnorraeconic acid, or, rather, methyl, 
normeconin, CgHgO*. By similar means, narcotine can be con- 
verted into methylnornarcotine, 

“ These three papers by Foster and Matthiessen made a long step 
forward in the knowledge of the constitution of the alkaloids, and 
may, indeed, be termed classical. The accuracy of the work has 
been amply confirmed by subsequent investigation. 

“While this work was in progress, Carey Foster published two 
papers, entitled ‘On Chemical Nomenclature, and chiefly on the 
Use of the Word Add.’ Both appeared in 1865 {Phil, Mag,, [iv], 
29 , 262; 30 , 57 ). In these he protests against the word add 
being used to denote an oxide, and recommends that SO^ be called 
sulphurous oxide, SO 3 sulphuric oxide, and C 4 Hg 03 acetic oxide. 

“In 1869 Carey Poster took part in a discussion on the atomic 
theory, held at the Chemical Society, the subject baving been 
introduced in a lecture by Professor A. W. Williamson, An 
account of the discussion will be found in the Chemical Society? 
Joitrrud for 1869. 

“ Carey Foster’s work in chemistry shows that if he had decided 
to devote himself to that science he would have taken a dis- 
tinguished position among his colleagues. He was a member of 
the Council of the Chemical Society from 1865 to 1868, again 
from 1872 to 1875, and again from 1885 to 1886, and Viice-Presi- 
dent from 1888 to 1890. His Fellowship of the Society date? 
from 1856.” 

During the early years at University College, Carey Foster made 
a number of contribn^ons of minor interest to scientific journals, 
but his first importaAt paper, “On a Modified Form of Wheat- 
stone’s Bridge, and Methods of measuring Small Resistances,” was 
read before a meeting of the Society of Telegraph Engineers in 
1872 {Telegraph Engine tvs' Journal, 1872 — 1873, 1, 19 )■ 
Previous to this date, Wheatstone’s bridge had provided electricians 
with a convenient and fairly accurate method for comparing 
resistances, and, as is well known, the result of the experiment 
expresses the ratio of one resistance to the other. Carey Foster, 
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however, so modified the bridge method that the difference between 
instead of the ratio of the resistances was determined. The 
advanUge of the change is only apparent where the resistances to 
be compared are of nearly equal value, as is generally the case, for 
instance, in the testing of sUndard coils ; but where this condition 
is fulfilled, the new method transformed the bridge method from 
being merely a fairly accurate means of measurement into one of 
the most refined accuracy, comparable with that attained in the 
use of a sensitive balance. It also supplied the means of dealing 
with a very small resistance, such as that of a short, thick wire, by 
determining the difference between it and the zero resistance of a 
short copper bar, and it was, indeed, for this alone that the method 
was first suggested. Carey Foster's method has proved of the 
highest value to the science of exact electrical measurement, and 
has made it possible to issue standards of electrical resistance of 
an accuracy that would otherwise have been impossible of attain- 
ment. Alike in its simplicity and its refined accuracy, the method 
is thoroughly characteristic of his mind. He further showed how 
the principle involved might be applied to the important process 
of calibrating the wire of the bridge. 

In 1881 Carey Foster published ^'An Account of Preliminary 
Experiments for the Determination , of the Electromagnetic Unit 
of Resistance, in Absolute Measure" [Hep. Brit, 1881, 

426). The accurate determination of this important unit had been 
undertaken by the British Association in 1863, and the value that 
had been accepted in this country, as well as widely in other parts 
of the world, was expressed in the “B.A. unit of resistance/’ the 
value of which had been determined by a Committee of the Associa- 
tion consisting of Clerk Maxwell, Fleeming Jenkin, and Balfour 
Stewart. The classical method of experiment adopted by the Com- 
mittee consisted in revolving a large, flat, closed coil of insulated 
copper wire about a vertical diameter in the earth’s magnetic field 
and measuring the consequent deflexion of a magnet suspended 
at its centre. The deflexion was due to the induced current 
developed in the coil, and this depended on its resistance as well 
as on the intensity of the earth’s magnetic field. The last, how- 
ever, affecting the induced current and the deflexion equally, 
although in opposite senses, disappeared in the final equation that 
expressed the result of the experiment, leaving a relation between 
the resistance of the coil, its geometrical form and dimensions, and 
the speed of its revolution. 

During the years that had elapsed since the issue of the B.A. 
unit, the results of other measurements had led to a growing con- 
viction that it was appreciably too small, and Carey Foster 
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described an experiment in which, whilst the general principle 
Ui© British Association experiment was maintained, it was 
ill an important detail. The two ends of the wire composing 
coil were unconnected throughout the greater part of revolu 
tion ; hut for a short interval, the centre of which coincided with 
the transit of the plan© of the coil through the magnetic meridian 
they were placed in connexion through sliding contacts with the 
two ends *of a standard resistance coil that formed part ot an 

auxiliary circuit in which a steady current was maintained hy 
a thermopile. By the principle, originally applied by Poggeii- 
dorff in the potentiometer, no current is developed in the coil if 
the electromotive force developed in it by its rotation in the earth'? 
magnetic held is efl[ual to the fall of potential between the two 
points in the auxiliary circuit with which it is connected, this 
being the product of the current supplied by the thermopile and 
the resistance of the standard coil, and the method of experiment 
consisted in so regulating the current of the thermopile that the 
deflexion of a sensitive galvanometer included between thf 
revolving coil and one of its points of connexion with the auxiliary 
circuit should disappear, whilst at the same time the deflexion of 
the magnet of a tangent galvanometer included in the auxiliary 
circuit was recorded. The general principle is simple, and a rela- 
tion is readily established between the resistance of the standard 
coil, the deflexion of the magnet of the tangent galvanometer, the 
geometrical form and dimensions of the revolving coil, and its 
speed of revolution. 

The chief refinement that Carey Poster hoped to effect in thh 
modification of the original experiment consisted in the possibility 
of the direct determination of the resistance of the standard coil. 
In the original experiment, the resistance determined was that of 
the revolving coil, and the resistance of the standard could only 
he obtained by subsequent comparison. To obtain the maximnm 
induced current, it was essential that the revolving coil should be 
wound with copper wire, and as the resistance of copper with that 
of all pure metals is seriously affected by changes of temperature, 
it was necessary tha- the temperature of the coil should be knowr 
with great accuracy during the time that the experiment was m 
progress, a very delicate matter. In Carey Foster’s method, how- 
ever, the resistance of the standard coil was directly determined 
while it formed a part of a fixed and independent circuit. Ibe 
wire composing it might equally well be of copper or of one of 
the many alloys the resistances of which are scarcely affected by 
changes of temperature, whilst it was an easy matter to determine 
its temperature with great accuracy. Further, the new method 
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reduced tW cotrecti<m ior tiwb sedl-mductioiv tW iwoVing coil 
aa importent and rather delicate detail in the original experi- 
ment, to insignificant proportions, but, at the same time, it un- 
fortunately introduced the necessity of taking its capacity into 
consideration, a feature that Carey Foster did not probably at 
first realise. 

The apparatus for carrying out the experiment was constructed 
with great refinement, and was erected at University College, and 
a series of preliminary experiments were made by Carey Foster 
with the assistance of Mr. G. W. von Tunzelmann. These experi- 
ments 'showed that the method, was capable of yielding consistent 
results, and there is no doubt that a far higher consistency would 
be possible if they were repeated in a modern laboratory more 
completely removed from the disturbing magnetic influences of 
large masses of iron of continually varying temperature. The 
results were not, however, sufficiently consistent to satisfy the 
critical judgment of Carey Foster, and the experiment was aban- 
doned. Whilst they were in progress, Lord Rayleigh and Professor 
Schuster were engaged in repeating the original experiment, adopt- 
ing precautions that experience of the intervening years had been 
shown to be necessary, and in 1882 they published an account of 
their experiments, and during the next ten years imlependent 
evidence supplied by other methods has shown the value they 
obtained to be a close approximation to the truth. 

In 1886 Carey Foster contributed a paper to the Physical Society 
of London '‘On a Method of determining Coefficients of Mutual 
Induction" {PUL Mag,, 1887, [vj, 23, 121—129), the method de- 
pending on the comparison between the coefficient of mutual induc- 
tion of two - coils and the capacity of a condenser. On forming or 
breaking a current in one of two coils, the primary, a discharge of 
electricity takes place through a neighbouring, secondary, coil, the 
discharge being determined by the coefficient of mutual induction 
of the two coils; also, if the coatings of a condenser are connected 
to two points of the primary circuit, a charge, proportional to the 
resistance of that part of the circuit that is included between the 
two points of connexion, enters the condenser, and will be dis- 
rharged on the cessation of the primary current. To combine 
these two examples of ballistic ’’ discharge, Carey Foster succeeded 
m so connecting the two circuits that, on the break of the primary 
current, the condenser was discharged through the secondary circuit 
m the opposite direction to that of the induced discharge, and on 
varying the charge of the condenser by regulating the resistance 
between the points of its connexion with the primary circuit, its 
discharge and that of the induced current neutralised one another. 
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The disappearance of discharge in the secondaiy was indiated hj 
a gsiranometer, and a aixapJe relation was given between the 
coefficient of mutual induction of the coils and the capacity of 
the condenser. The capability of the method had been thotougiiy 
tested at University College by Mr. F. Womack, and it had beea 
shown to be capable of yielding results of a high order of accuracy, 
Carey Foster's method of determining the coefficient of mutual 
induction between two circuits has taken its place among tie 
accurate methods of electrical measurement. 

In 1876 Carey Foster devised a method, based on the principle 
of Wheatstone's bridge, of tracing the equipotential curves in i 
sheet of tinfoil convejnng an electric current, and in collaboration 
with Sir Oliver Lodge he published two papers, On the Flow of 
Electricity, in a Plane Conducting Surface" (Proc. Fhys. Set 
London, 1876, 1 , 113, 193), in which this method of experiment 
was adopted. A further paper by Carey Foster and the present 
writer, ‘'On the Difference of Potential required to give Spark? 
in Air," was presented to the Physical Society in 1884 {phm. 
Iie\ps, 1884, 114). In the method of experiment adopted in ih 
research/ potential differences were measured by a modi6ed fom 
of absolute electrometer that had been designed by Carey Foster 
and that was found to supply an accurate method for measurin^? 
potential differences necessary to produce sparks of from O'i to 
5 cm. in length. 

Among Carey Foster's other publications were further article: 
on “Heat," “Thermodynamics," “Electricity," and “Magnetism' 
in later editions of Watts’s “ Dictionary of Chemistry," and ii 
these he fully maintained his reputation for accuracy, clear judg 
ment, and power of scientific exposition. In later years be pub 
lished a text-book on electricity in collaboration with Professo 
A. W. Porter. 

Carey Foster became a member of the British Association ii 
1857, and continued to take an active part in its proceedings unti 
late in life. Besides his direct contributions, to which referenc 
has already been made, he was a member of a number of its con 
mittees, the more important of which were those on “Standan! 
of Electrical Resistance," “ The Selection and Nomenclature c 
Dynamical and Electrical Units," “ The State of Knowledge t 
Spectrum Analysis," and “ Electrolysis." As President of ti 
Mathematical and Physical Section in 1877, he gave an addre 
on “The Mutual Relation between Mathematics and Physics, J 
which he dwelt on his favourite theme of the importance of accoiat 
measurement as the foundation of discovery in science- He w 
Treasurer to the Association from 1888 to 1904. He was one ' 
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the founders of the Physical' Society of London the fir.f m f 
of which was held in 1873 and of which he was President tor III 
years from 1887. He acted as President of the Society of Tele 
graph Engineers, now the Institute of Electrical Enrineers it 
1880 and in 1881. He was elected to the Fellowship of^rR^ 
Society in 1869, acting as one of its Vice-Presidents from 189 /to 
1893, as well as from 1901 to 1903, and he took a keen interest in 
the work of Kew Observatory Committee of the Society He 
received the honorary degrees of LL.D. from Glasgow and D Sc 
from Manchester. " ' 

Prom the first, Carey Foster took a deep interest in the reco.isti 
tution of the University of T;ondoii. Whilst fully recognising its 
service to education in its earlier days, he was" sensible of the 
grievous anachronism by which the University of the greatest city 
of the world should continue to be solely engaged in examining 
and m conferring degrees. H,e had a high ideal of a university 
as a body of men and women earnestly engaged in the pursuit 
and extension of knowledge rather than in preparation for ex- 
aminations, and he strove without ceasing to bring about the 
foundation of a university in London that should be worthy of it 
He was an active member of the many early committees the aims 
of which were a consti-uctive poljcy that should achieve his ideal 
and he felt keen disappointment when the conflicting of many 
interests made it impossible of full attainment in the present 
university, although it received his full and loyal support. He 
never ceased, however, to look forward to a time when, by further 
lecoiistructiou, London should possess a university fully worthy of 
its position, and he welcomed Lord Haldane’s Report as indicating 
(lie posaihility of a furtl.er step in this direction, and possibly ifs 
tuH attainment. 


The writer is indebted to Sir T. Gregory Foster, Provost of 
University College, for a sketch of Carey Foster’s work while act- 
ng as Principal of the College from 1900 to 1904. 

“Dr. G. Carey Foster resigned the Quain Chair of Physics in 
1898, It was a time of crisis in university affairs in London, as 
he reconstitution of the University was pending. 

‘'In view of the impending reconstitution, the Council of UiiT- 
wsity College appointed a special committee to consider the posi- 
|on of the College. On the recommendation of this committee, 
he office of Principal, later changed to Provost, of the College was 
hstituted. Or. Carey Foster was invited to be the first occupant 
I this office. He held it from 1900 to 1904. 

lu his capacity of Principal, he was appointed to represent 
niversity College on the Senate of the University under its new 
VOL. CXV, -p 
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constitution. He threw himself heartily into the new probleau. 
that arose, and brought to them all his ripe judgment and 
experience. 

“It soon became evident that the new constitution, under which 
the University was given a teaching side as well as ai^ ’examining 
side, made it desirable that University College, which had been 
originally founded to be the University of London, should be 
merged into the reconstituted University. Dr. Carey Foster took 
an active share in the negotiations that led up to the incorporation 
of the College in the University. He regarded it as ‘ a step towards 
securing unity of aim and interest in all that relates to advanced 
education and the promotion of original research in London, 
He hoped that it was the beginning of a movement that would lead 
to the concentration and the consolidation of university work in 
London. 

" This view is expressed in the final paragraph of his sketch of 
the History of University College, which is as follows: 

“‘The step taken by University College has been followed by 
Kings College, which was incorporated in the University on 
September 1st, 1909. It may be hoped that similar action will 
be taken by other analogous bodies, and that in course of time the 
University of London, perhaps with some modification of its 
j)resent constitution, may become a centre about which the various 
bodies in London that are qualified to take part in university work 
may be united into a single organised system, in which they shall 
supplement instead of competing with each other, each doini^ 
the work for which, by its special circumstances, it may be be^i 
fitted.’ 

“During the four years of his Principalship, great progress was 
made in various directions in the reorganisation and develop^iieni 
of university work in London, The plans for the removal oi 
University College School were matured, ’the buildings formeih 
occupied by the School were, as a consequence, set free for uni- 
versity purjjoses. ’the accwnmodation jirovided at Univeidb 
College for university work was anaterially increased. There 
a rapid growth in the intellectual and social activiti^ oi 
College, and in these Dr. and Mrs. Carey Foster took a proniiiieiii 
share.” 

At an early period of his work at University College, Cany 
Foster recognised the importance of practical work in physics a> 
an essential element in scientific education. The first pbysii^^ 
laboratory for students had been opened by Magnus at Heidelbeie 
in 1846, and it was followed in 1863 by the addition of a physical 
laboiMtovy to the University of Berlin. From 1845, Lord Keliii 
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had invited his senior studenis to work in his laboratory, for a 
a disused wine cellar, at Glasgow, and hia example was 
followed by Carey Foster, who thus introduced the teaching of 
practical physics in this country. At the beginning, this work 
formed no recognised part of the College curriculum, but regular 
practical courses in physics were arranged in 1867, the laboratories 
at that time consisting of two of the College rooms, only one of 
which was fitted with benches. Later, a third room in the base- 
ment, known as the " dungeon — it was indeed a veritable 
dungeon — was added, and the privilege of working in it was 
reserved for the professor and students engaged in research. For 
some years, the only apparatus available was of the simplest 
character, but instruments were being constantly designed by Carey 
Foster himself, whilst the designs were executed by a clever Scotch 
mechanic, William Grant, who acted as his assistant during the 
whole time of his professorship, and without whom no reference 
to the laboratory would be complete. Grant, who was quite a 
character in his own dour way, became a permanent feature of the 
Physical Department. His love of the apparatus, so much of 
which he had constructed, and the agony he experienced in seeing 
it misused, made him a source of terror to all students other than 
those few who proved themselves worthy to be entrusted with it; 
whilst many will remember with humiliation his lofty refusal of 
the tip that was occasionally offered, either from gratitude or from 
a desire to acquire merit. He was of the most faithful of servants, 
and was devoted to Carey Foster, whilst each regarded the other 
with a simple affection of which both alike were worthy. Sir 
Oliver Lodge, who was a student in the laboratory in those days, 
and who later became Assistant Professor of Physics at the College, 
lias rendered a grateful as well as a graceful tribute to the educa- 
iional value of the work done in the old physical laboratory of 
University College (Letter to December 3rd, 1908). 

In the years that followed, physical laboratories for students 
were opened at other colleges, and it was inevitable that, as many 
of the.se were attached to new institutions in which it bad been 
possible to design the buildings with a view to their subsequent 
use as laboratories, the simple equipment at University Collie 
should have been left behind. Carey Foster, in consequence, con- 
tinually urged the governing body of the College to undertake the 
building of a physical laboratory that should be worthy of its tradi- 
tions, although, no doubt by reason of financial considerations, 
Ins representations were for a long time without success. At 
length, however, he had the satisfaction of preparing the plans 
for the present laboratories, which were opened to students in 
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1893 , and form a fitting memorial to tlie value of his work as 
Professor of Physics. There was an old asphalted tennis comt 
within the College walls from which some of us have often returned 
in exhilaration, although with begrimed hands and flannels, and 
now only lives in memory; the building that now occupies it? 
former site is the “Carey Foster" Laboratory. 

His nervous manner prevented Carey Foster from ever becoming 
a good lecturer, and his failure in this respect was perhaps due, in 
addition, to a conscientiousness that made it difficult for him to 
be content with a simple statement that he knew to be only an 
approximate expression of a truth, and at the same time made 
him reluctant to adopt the customary method of illustiatiiiu 
physical laws by the use of simple, although entirely imaginary, 
experimental data. In place of these, his illustrations would often 
consist of the actual results of laboratory measurements, and the 
younger students, unless they were of a rather exceptional type, 
were'^apt to lose both attention and interest in the details of 
laborious computation. The more able students, however, were 
inspired by this very quality in their teacher. They grew to rever- 
ence exact expression and to regard it as the foundation of ail 
scientific knowledge. They continually brought their difficult^ 
to the Professor, and were encouraged to do so by his unlimited 
patience in dealing with them. It was not unusual to find Carey 
Foster surrounded by a small group of students engaged in close 
discussion half an hour after the close of a lecture, although the 
dining-room had long since claimed the attention of the rest oi 

the College. , . . , , 

The same quality of enthusiasm for his work and Ins inlniilo 
patience in dealing with its smallest details appeared in his Mil 
in the students’ laboratory. He never found lecturing easy, lint 
after having given a lecture in the morning and having a fmilin 
lecture for senior students iii prospect at the close of a long afln- 
noon, he would frequently come to tlie help of some duffer in 
difficulties in the laboratory, and would devote the best part of an 
hour to the detail*- of a simple experiment in physical measim- 
inent On these occasions, indeed, there was a danger of his beint, 
led liy his own love of accurate detail, not only to conduct tb 
whole e.xperiment himself, making all the observations, bnt to 
carry out whatever computation might he involved, while ' 
Student looked on wonderingly, as from a distance. H may M 
that some who have worked in the old laboratory at Uiitvenn 
College in those days have preserved the scraps of paper coiwf 
with logarithmic calculations that Carey Foster often left on 
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kiiclies, all executed in his wonderfully neat writing, as a memento 
of the most patient of teachers and most lovable of men, but such 
prescience is rarely bestowed on youth. 

His nervousness made conversation with C;irey Foster tliliicuH, 
even to those who came to know him intimately. Whilst, how- 
ever. it remained a source of some embarrassment to them, his 
friends came to regard it as so essentially a part of him that it 
ioo became lovable, and they would have felt si ill more embarrassed 
if he had suddenly succeeded in overcoming it. Closely associatxal 
with his manner was a quaint and entirely original sense of pure 
humour, that found frequent opportunity for expression both in 
his professional work and in his private life. That his nervous- 
ness and hesitation did not arise from any defect in character 
would be shown, were any snch evidence necessary, from his letlers. 
In these, Carey Foster found no difficulty in expressing himself 
with perfect clearness and precision, whilst both were emphasised 
|)V the beauty and strength of his handwriting. It was in his 
letters, perhaps, that his quaint liiimour foiiml its best opportunity 
for expression, Through the kindness of IMrs. Minchiii, the writer 
has before hiin a number of letters written by Carey Foster to her 
husband, the late Professor G. M. Minchin, which are so character- 
istic that little apology. is necessary for the introduction of a few 
short extracts. A close friendship existed between Carey. Foster 
and Minchin, and in their unassuming simplicity and gentleness 
there was much resemblance between the characters of the two 
men. Carey Foster had a profound respect for Miiiehiu’s mat be 
matical powers, and consulted him when be felt a douht as to his 
own grasp of the mathematical treatment of a physical problem, 
whilst Minchin had an equally deep regard for Carey Foster as an 
imthority on physical matters, and has expressed his regret to the 
writer that Foster’s nervous manner, together with his extreme 
juodesty, should have made it difficult for some, even of his friends, 
t(» realise his true greatness. 

The first extract is from a letter dated 1882 : 

My dear Minchin, 

^‘Tho lesson of the day touching electric eiidosmose is wriilcii 
ill the First Book of Wiedemann, beginning at the 392 nd \eise of 
the second chapter . . . wherein it is written how tho ions <lo 
wander when a current passeth through their midst. T.his, I take 
it, is the whole secret of electric eiidosmose; tho porous diaphiagn 
causetli not the flow, hut maketh the same manifest by hindering 
the return thereof.” 
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The second is also dated 1882 ; 

My dear Minchin, 

''I hope the enclosed jnay serve your rivereiice's purpose. Sunj, 
and it's had I did not write before. But I had to think, and that 
goes slow. 

****** 

''As to your telegraphic friend' let him Ukc to himself a taugeiii 
gal vanu meter and a set of resisUnce coils, and sundry cells accord- 
ing to Daniell and Grove. ..." 

and then follow instructions as to what the telegraphic friend 
should achieve. 

An extract from a letter referring to a fairly well-known man; 

" The gentleman's surface intogral suggests to me a coiisidprahlc 
amount of self-esteem. But I am willing to believe that ite 
charge is purely superficial. ... 1 am told by a friend who know> 
him much better than I do that he is a good fellow." 

And the last is from a letter written in 1887 congratiilatiiiL' 
Miiichiu on his marriage; 

‘“ My dear G. M. M., 

“ I heard awhile ago that you had entered into cojubinathm and 
were no longer a dissociated atom. Accept my wannest coti- 
gratulations and my fervent hope that you may appreciate tlip 
blessings of home rule more fully from year to year." 

Several of the letters deal with Minchin's work with photo- 
electric cells. 

The private life of Carey Foster was one of quiet beauty. Jlis 
transparent honesty and high regard for truth earned him thf 
respect of his friends, whilst has unvarying kindness and coiirte^^y 
won their affection. In 1868 he married Mary Anne France?, 
daughter of Andrew Muir, of Greenock. Recalling that time, Dr 
Forster Morley writes: 

“It seems only yesterday when my father (the late Professor 
Henry Morley) said to me, ‘ I have been walking round the Square 
with Carey Foster, who has just told me that he is engaged to be 
inarried, and has been speaking most charmingly on the subject ol 
lo/c of a man for a woman.' " 
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Tliei’o was a striking resemblance between the cliaiacter of Mrs. 
Voster and that of her husband, and she even acquired a suspicion 
of the nervousness that was so strongly marked in him, that, how- 
ever, only accentuated a 'natural charm of manner in her. There 
were born to them four sous and four daughters, all of whom arc 
still living. The mutual confidence that existed between Carey 
Foster and his wife, and the evident affection with which both 
paretits were regarded by their children, gave a peculiar charm 
to the visits of the many friends who were always welcome to their 
home. Mrs. Foster died in 1917, and a year and a-half later 
Carey Foster’s body was laid to its last rest beside hers in tin- 
peaeefiil cemeteiy at Rickmans worth. 

Among the number of Carey Foster's old students at University 
College who have become distinguished were Prof. W. E. 
Ayrton, Sir Oliver Lodge, Dr. H. Forster Morley, Prof. Viramu 
.Fones, Prof. A. P. Chattock, Prof. J. A. Fleming, Prof. T. Hud- 
son Beare, Prof. A, W, Porter, Prof. F. Womack, Prof. J. Sakiirai, 
Sir Victor Horsley, and Prof. W. 1). Halliburton. It is from his 
having been first a student, then a demonstrator, and thereafter 
a friend of Carey Foster that the writer has been able to pay in 
this notice his last tribute to the memory of one he loved and 
admired. ^ jj 


WILLIAM JOEL KEMP 
Bohn 1841; Died Maiich 22nd, 191S. 

JoEi. Kemp was born at Bow in 1841. He was the 
youngest of three sons, and was educated at Stock’s Academy at 
Poplar. Owing to his father’s death, he left school at a very 
early age, and was placed in the office of a ship’s broker. Finding 
this work very uncongenial, he inducerl his relatives to article him 
to Carters and Green, builders of the famous China tea clippers, in 
the yard which subsequently became the headquarters of the Thames 
Ironworks and Shipbuilding Company. His apprenticeship com- 
menced at an unfortunate time, for wood was rapidly being replaced 
by iron in the construction of ships, and the old-established firms 
which did not move with the times were being left behind. All the 
same, this period of his life must have been a particularly happy 
‘me. He met all sorts of seafaring men, and in later life he never 
tired of relating anecdotes connected with their superstitions and 
adventures, and it is not unlikely that their experiences quickened 



428 


OBITUARY NOTICES. 


the sense of iiu agination which served him so well in after years 
Shortly after completing his articles he married Mary, the daughter 
of John Cayzer, who organised the emigration to Australia of the 
East Anglian farm labourers in the starving ’forties and ’fifties. 
About this time he entered the service of Rickett Smith and Com- 
pany, coal and coke shippers, as buyer. In this capacity he was 
brought in contact with the lime burning, plaster, and kindred 
industries, and when in 1876 a company was formed to work the 
bed of gypsum discovered four years earlier through the Snh- 
Wealden boring at Netherfield, Sussex, he took a small financial 
interest in the undertaking. It was about this time that the 
necessity for technical education and scientific training was firsi; 
accepted in England. In 1879 the City and Guilds of London 
Institute for the Advancement of Technical Education was formed, 
and almost immediately courses iu chemistry under Armstrong in 
temporary premises in Cowper Street, Finsbuiy, were advertised. 
Although nearly forty years of age, Kemp, knowing that the niaini- 
facture of plaster at Netherfield rested entirely on rule-of-thuinl) 
methods, determined to take advantage of the facilities which th« 
City Guilds Institute afforded and to become an efficient chemist. 
At Cowper Street he worked for one or two days a week, encouraged 
and inspired by Armstrong, and he soon proved himself to be not 
only a logical thinker, but an expert manipulator. The other 
students in the laboratory were all boys, and the writer, who worked 
at the bench adjoining Kemp’s, shared with them the admiration 
of his power of application and of his rapidly acquired skill. Kem|), 
influenced by Armstrong’s spirit of research, soon began to make 
investigations on the production of sulphur from gypsum and from 
alkali waste, and these occupied him for several years. He was Ihe 
first to suggest making alkali waste into a paste with water and 
pumping carbon dioxide into the sludge contained in an inverted 
conical vessel, thus making the gas do its own stirring and bring- 
ing every particle of the waste in contact with it. Some of the 
results of these investigations were subsequently embodied in 
Rawes’s pateiiLs, which were worked by Chance. During these 
years, the position A the Sub-Wealden Gypsum Company at 
Netherfield had become very critical, the output had fallen below 
40 tons a mouth, the quality of the plaster was bad, and creditors 
were clamouring for payment of their accounts, which there were 
no funds to meet. There was already on the bank an immense 
tonnage of dump, a grey stone considered useless, which had to be 
hauled to the surface with the white gypsum, and it was hecoming 
increasingly difficult and expensive to dispose of it on the surface. 
A meeting was held with the object of winding up the company^ 
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Keinp, who had already, began to experiment with the grey 
^ix)ue, whicli consisted almost entirely ot gypsum, persisted in the 
view that under proper direction the operations of the company 
would be successful. Two of the shareholders present were 
impressed, and agreed to provide further funds if Kemp would 
undertake the management, and it was thereupon decided that 
operations should be continued.. Kemp’s experiments with the 
ffrey stone were now pushed on, with the result that in a short, 
time he had perfected a method whereby the waste was converted 
into a plaster of the Keen's cement variety, which, although dark 
in colour, set hard and evenly. He iiitroducexl this plaster under 
ihe liame of Sirapite," and from that day the success of the 
uiKlertaking was assured. In 1891, 10 tons of "Hirapite” were 
sold; ten years later the annual sale was 15,108 tons, and in 1911 
the sales e.vceeded 31 ,000 tons. Kemp's genius was shown not only 
ill the way he attacked his problems on the chemical side, but also 
in Ills engineering ability and in the handling of .men. From the 
(irst> he recognised the inefficiency of boilers fed with water almost 
satnratefl with calcium sulphate, and within two years of taking 
control he had scrapped the steam plant and had substituted gas 
producers and large gas engines. He introduced kilns of large 
size, which reduced the consumption of fuel and greatly simplified 
the grinding and mixing plant. He subse(|uently opened up a new 
shaft in the mine, which he equipped with electric lighting and 
haulage plant. Having placed the business on a profit earning 
basi.s, Kemp devoted his attention to the amelioration of the con- 
dition of his workpeople. Although himself prepared to work 
twelve hours a day or more, he reduced jn 189.5 the working hours 
to eight and afforded all workmen suitable opportunities for 
recreation. At his suggestion, the company built a large number 
of model houses standing in large gardens, which the workpeople 
were permitted to pnrcha.se at cost ]Ji-ice. In 1903 Kemp completed 
Ills plans by bringing about an ainalgamalion ol the chief makers 
of plaster in the United Kingdom. 

Very few of those who travel by the Sonth-Easteni Railway from 
Tunbridge Wells to Hastings realise that near Mountfield, hidden 
from, but within a few hundred yards of, the line, and in one ot 
the most beautiful of the Sussex valleys, lie a mine fully equipped 
and busy works employing several hundred hands, at which a large 
part of the plaster used in this country is produced. It was here 
that Kemp conducted his experiments which revolutionised the 
industry, and it was here, at the scene of his lifes work, that he 
breathed his last. Shortly after the outbreak of war his son, who 
for some years had assumed the management, volunteered for 

11 * 
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service, and Kemp, Uieu seventy-five years of age, returned to tak« 
eharge. Always confident and cheerful, ever hard-working^ 
resumed his former duties with an activity and interest whWh 
might have been expectecl from a man thirty years his junior. Q,, 
the morning of March 22nd, 1918, he rose in the usual health and 
spirits, but shortly afterwards, when about to go the round of the 
works, he suddenly expired. OriRALD T. Moony. 


SYDNEY LUPTON. 

Born Januaky ,'lni), IHfiO* .Dikd July 10th, 1918, 

Syonky IjUPTon, who was elected into the Society in 1872 .nii) 
remained a Fellow* until liis death, was the yoinigesb and Usi 
surviving sou of Darn ton ivupton and of his second wife, Anna 
.lane Busk. He was born at Eller (Mose, Uoundhay, near Leeds, 
on January 3rd, iSfiO. His father, a member of a well-known 
Yorkshire family, was head of the firm of William Lupton and 
Co,, woollen manufacturers. He was a man of considerable 
influence and public spirit, much respected, and took a leadini: 
part in the municipal politics and social life of the town and 
district. 

His son, the subject of this notice, was educated at Rugby ami 
lived in Dr, Jex Blake’s house. From Rugby he passed to Oxford, 
where at Christ Church he came under the influence of Dr. Yenion 
Harcourt, and was led to devote himself to science, particularly to 
mathematics and chemistry. 

On leaving the University, after taking his degree, he wus 
ajjpointed a science master at Harrow School. The work of school 
teaching was not uncongenial to him, and he had a fair measiitf* 
of success in it; but his mother — now a widow — having fallen into 
indifferent health, he resigned his position in order to live with 
her at Harehills, near Leeds, where he established a small labors 
tory and continued o occupy himself with experimental work. 

It was during this period that the writer of this notice made 
his acquaintance, and had the opportunity of observing the pm 
gress of his inquiry on the slow oxidation of potassium, the longef^t 
and perhaps the most important of his investigations. On the 
death of Mrs. Lupton he took a smaller house at Roundhay, wbeje 
he continued to live until his removal to London in 1896. 

During his residence in Leeds, Lupton took part in the civjf 
life of the town, was a member of the Board of Guardians, and 
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usKooiated wiMi t-lie late Claiiou Jai*kson, \'icur <ji' St. .lauies’.s. 
tiiaiiy cliariUhle ohjw'ts, }fov I'oiir ye^irs lia was a .uiwubrr ul 
(]ie Committee of Maiiageinent of the C^ookvidge Convalescent Hos- 
pitJil, anti ou his resignation, .consequent on his leaving Lee<is his 
fellow -nienibers recorded their appreciation of his genial and 
energetic help and their sincere thanks for his services ‘'during 
a period requiring special administration.” This last sentence has 
reference to the assistance he was able to render the institution in 
connexion with the erection of a wing to the building to perpetuate 
I he memory of his friend, Canon Jackson, 

Lupton's intellectual tastes led him to take an interest iu I lie 
jictivities of the Leeds Philosophical and Literary Society, wliere 
lie occasionally lectured on scientific subjects. He be(“ume a 
member of its Council in 1885-6, ifonorai'y Secretary from 
|8S(b-95, and a Vice-President in 1895-6. 

Practically the wliole of Tm|)iaiPs experijnental woik was don<* 
(hiring lus residence at Leeds. His lirst published paper, “On 
ihe Foi mula of the Alums,” appears in the Jnurnai of the Society 
for 1875. Although the doctrine of valency, which we owe to 
Fraiikland, was fairly well established at this }>eriod, there was 
considerable uncertainty as to the true formulae of a number of 
inorganic compounds, owing to doubt as in the valency of par- 
ticular elements. This was the case with the group of the alums. 
Lupton, at the suggestion of Dr. Vernon Harcourt, sought to 
establish the generic fonnuloe of these salts, independently of con- 
siderai-ions of the combining values of their constituents, by a study 
of the conditions under which they lose their water on heating or 
ou exposure to a dehydrating agent under reduced pressure, and 
lie showed conclusively that they must contain at least twenty-four 
molecules of water, whence the general formula now universally 
accepted follows. 

In the same year he puhlished a not'e on the jueparation of 
cuprous chloride, in which he described the different mode in which 
water acts on this substance, {lepending on its method of forma- 
tion i^hem. News, 1875, 30, 233). This was followed in 1876 by 
a number of short notices {Chtm. News, 187 G, 33, 90). Ho 
showed that in preparing nitrogen by the well-known method of 
passing air over red-hot copper turnings, the operation might be 
rendered continuous by mixing the air with ammonia gas, whereby 
the cupric oxide was reduced as fast as it was formed, or, as is 
more probable, by the metal acting catalytically and inducing the 
production of water: 

3(2N2 + 0) -h 2NH3- SHpO -p 7 N 2 . 

R* 2 
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In t-liis luannof. only a relatively siiort length of heated 
tunnngs is needed, and tlie act ion jnoceeds unlnten'uj)t6(ilv. 

In another coinnuinieation, on the “ Solubility ol‘ Naphlhaleue 
in Water/' he sought to disprove Garden’s contention that 
Plateau’s theory of the cause of the movement of this siibstaijce 
on the surface of water was invalid by showing that its solubility 
and consequent high tension of its solution, are sufficient to aeconiit 
for the phenomenon. 

He further described a number of reactions serving to distin»iij<)i 
aniline from naphthylaniine, and made known a number oi 
characteristic tests for succinic acid. 

Liipton s most important chemical paper was his study of die 
“ Slow Oxidation of Potassium,” communicated to the Society io 
1876 and [mbiished in the Jotu-^nal for that year, in whi(?h he me- 
fuUy rcj)cated the observations of Havy, Berzelius, Gay Liissur 
aiuf Thenard, and Harcoiirt, and sought to clear up certain 
crepant statements with regard to the number of potassium oxiilrs 
capable of existence. He confirmed Vernon Harcourt’s work jiM/b 
fourteen years previously Journ. Clitm, Soc., 1862, H, 

267), carefully w^atching the colour changes which follow the pro- 
gress of the oxidation, and analysing the products at the severdl 
sUges by a method he devised, and of which he proved the 
sufficiency, He was disposed to regard the existence of the grey 
suboxide, K^O, of Berzelius as improbable, and he concluded that 
the intermediate products of oxidation were mixtures of K^O and 
KoO., in variable proportion, depending on temperature and timo 
and the nature of the oxidising medium. He compared thc'^? 
interrtiediate products with the successive stages in the oxidatien 
of lead and with the several lead oxides described by vavu)«' 
oV)servers> the general nature of the change being similar. Ih:' 
obtained analytical numbers for the yellowish-green product whid. 
(mrre.'^poiided with the composition of a dioxide, Ki-Oo, and 
described a number of reactions which appeared to indicate its 
individuality. He gained no certain ]>roof of the existence of llir 
trioxide, but was inclined to regard the brownishyellow 

stage of the colour change as some 'evidence of its formation. Ik 
states that "the n\ore thoroughly the air is dried, the less is it- 
oxidising action,” as proved by Baker (Phil. Trans. ^ 1888), arc 
subsequently by Holt and Sims (T., 1894, 65 , 434), who showed 
that potassium may be distilled unaltered in perfectly dry oxyger 
Lup ton’s conclusions have been confirmed, in the main, by th? 
last-named observers, although they found it impossible to assocjah 
the differences of colour with oxides of definite composition, 
oxidation proceeding apparently without any break until tte 
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heated mass consisted wholly of the bright orange-yellow peroxide, 
K., 04 , described by Harcourt. 

Holt and Sims also repeated Liiptoii’s experiments on the aelioii 
of the oxides of nitrogen on heated potassium, and with nitrous 
oxide obtained evidence of the formation of the butl’-coloureil tri- 
oxide and the sulphur-yellow dioxide, the existence of wliich in 
solution had already been established by Harcourt. 

Lupton, in 1888, published a short cammunication in 11 m 
rrorcedinfjs of the Society on compounds of chromium, uiul in 
1891 he contributed (0 the Pit d 0 x 0 phi cal M((f'/a:hie a controversial 
paper on “The Reduction of the Results of Expel■iment^s, with 
Special Reference to the Hydrate Theory of Solution “ {[‘ltd. Mm/,. 
[v|. 31, 418), which produced a rejoinder from Mr. Spences* 
Pickering. 

Sydney Lupton was a painstaking and conscieiilious worker, 
scrupulously accurate, and a good manipulator, cautious in draw- 
ing conclusions or in forming opinioiis, but very tenacious in hold- 
ing them when convinced of their soundness. PTis knowledge 
and, as his published work shows, his sympathies were almost ex- 
clusively confined to inorganic aud physical chemistry; and owing 
probably to the limitations of his early training and his subse 
(piont lack of opportunity, he never seemed to be attracted liy lim 
problems of modern organic chemistry. 

As a fellow-townsman and a member of the well-known Mill 
Hill Chapel, he was a great admirer of Jose])h Priestley, wlio 
formerly ministere<l in Leeds, and began his chemical career tlieie. 
At one time he conceived the idea of v;riting the life of the old 
])hilosoplier and of bringing out an annotated edition of his com 
plete works, for which he had gradually accumulated niateihii. 
But to do justice to Priestley's astonishing versatility and tlie 
extraordinary range of his knowledge requires an equally excep- 
tional man, and Lupton, after playing with the project for some 
time, finally relinquished it, being deterred from the attempt in 
all probability by its very magnitude. He was, however, well 
qualified to make it, especially as regards Priestley’s scientific wmrk 
and philosophical opinions, for he had considerable critical acumen 
and literary skill, was an omnivorous reader, and had extensive 
knowledge of the literature aud science of the latter half of the 
eighteenth century. 

On his removal to London, Lupton ceased to take any active 
part in experimental inquiry. He kept up his interest, however, 
in scientific work, was a frequent attendant at meetings of scien- 
tific societies, and at the lectures of the Royal Institution. He 
also inter^ted himself in Bedford College, aud in the work of St. 
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George’s Hospital, and was for a time a member of its Committee 
of Management. 

He was, perhaps, most generally known by his books on 
“Elementary Chemical Arithmetic” and “Numerical Tables and 
Constants in Elementary Science,” published by Macmillaits, and 
based probably on his experience in science teaching at Harrow 
His last production was a little book of some 120 small 8vo pa^es 
bearing the modest title, “ Notes on Observations, being an Outline 
of the Methods used for determining the Meaning and Value of 
Quantitative Observations and Experiments in Physics and Chem- 
istry, and for reducing the Results obtained.” Notwithstaudiiur 
the somewhat archaic ring of its title, it is an admirable piece of 
work, and well worthy of careful study by all engaged in quanti- 
tative work. In spite of ite diminutive size, it must have involved 
a wide range of reading, no small exercise of criticism, and ron 
siderable skill and thought in arrangement and condensation. It 
shows Lupton at his best. It is a model of clear, restrained state 
Jneiit and rigorous logic, and should find a place in every physical 
and chemical laboratory. 

At all periods of his life, Lupton was fond of travel, and hi. 
ample means made it easy for him to make extensive journeys. Up 
was an acute observer and a shrewd judge of character, with ,1 
keen sense of humour — qualities which, added to his wide readiii;: 
and kiiowle<lge of hisWy and his readiness to coJninunicate In. 
knowledge, inade hijri interesting as a companion. 

He died at his London house, 102, Park Street, Grosvcticr 
Square, on .July 10th, 1918, and was buried at St. John’s Cwiieteiy, 
Roundhay. He showed his interest in the work of the Cheuiid 
Society by bequeathing to it his valuable cheTiiical lil)rary. 

T. E. Tnoupi;. 


GEORGE MARTINEAU, C.B. 

Bohn 1835; Died Febkuauy otk, 1919. 

By the death of Mr. George Martineau, which occurred after a 
brief illness at his residence, Gomshall Lodge, Gomshall, Surrey, 
we have lost a member of an old and distinguished family and a 
man who was perhaps the greatest authority of his time in tlnf 
country on sugar from its economic point of view. The deceased 
was the son of Mr. George Martineau, of Tulse Hill, and grandson 
of Mr. David Martineau, who in 1797 established the sugar refinini; 
firm which, as David Martineau and Sons, was at one time th? 
largest in London ; it has remained in the family for more than a 
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century. The fact is not without interest to our Fellows that this 
iiriii was one of the first, probably the first, in this country to 
recognise the value of scientific control^ and the partners appointed 
the late Mr. C. Haughton Gill, F.C.S., first as their chemist and 
subsequently as their manager. 

Mr. Martineau was educated at University College, London and 
oil coining of age entered his father's business, in which he was 
actively associated until his retirement in 189h. His connexion 
with sugar refinfng was on the commercial side, but he always took 
a keen interest in the general technology of the industry. 
Although a. Liberal of the Gladstonian school, he recognised the 
defects of our fiscal system more than forty years ago; and in 
1872, when the effects of the foreign sugar bounties began to make 
themselves felt, the British refiners appointed a Committee with 
Mr. Martineau as Secretary.^ This Committee visited the principal 
beet-growing countries of Europe. Thus commenced the anti- 
boiHity campaign, which culminated in the abolition of the bounties 
by the International Convention of 1902. In recognition of his 
services, Mr. Martineau was appointed a Companion of the Bath 
by King Edward VII. 

Imbued with the true scientific sjiirit, Mr. Martineau possasse(l 
a thoroughly logical mind, clearly shown by his numerous writings, 
which were continued up to the last days of his life: it may l)e 
said, indeed, that he died in harness. He was a chemist by 
itistiiict, and few commercial men had a greater appreciation of 
chemistry and chemical research, Kee]nng himself an conrant 
with all the chief events in the progress of our branch of science, 
it was doubtless with this object that he became a Fellow of the 
Chemical Society in 1871. It cannot he forgotten that, equally 
with those members of his firm connected with the jiractical side 
of sugar refining, he shared a strong belief iti the precise methods 
which chemical analysis affords when applied to commercial ques- 
tions. In this connexion, we may point out that he was a pioneer 
in the establishment of the Beetroot Sugar Association of London, 
the functions of which were to check the weights and make analyses 
of the whole of the raw beetroot sugar shipped from the Continent 
to the Port of London. 

Mr. Martin eau’s memory will be cherished by many. His charm- 
ing personality, gifted conversational powers, wide erudition, and 
his deep sincerity had secured for him a wide circle of friends. 
I'lot a few have reason to be grateful to him for the assistance and 
encouragement he gave them at the commencement of their careers; 
but from these he resented open thanks, being quite content to 
view their progress with silent satisfaction, 


Arthue R, Ling, 
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SIR ALEXANDER PEDLER, P.R.S. 

Born May 21st, 1849; Died May 13th, 1918. 

Like many other chemists who have attained an eminent position 
in the scientific world, Pedler began life in connexion 
pharmacy. His father, Mr. George Stanhury Pedler, was in b«si. 
ness as a phannacist at 199, Fleet Street until, on the removal of 
old Temple Bar and the widening of Fleet Street, preparatory to 
the erection of the Law Courts, the premises were swept away. 

Pedler received his early education in the City of London School, 
which he left at midsummer, 1865. In October of the followimr 
year, at the age of seventeen, he won a Bell Scholarship, and began 
work as a student in the laboratory the Pharmaceutical Society 
in Bloomsbury Square. Here he went through the usual course of 
analytical work, and at the end of the session he was awarded a 
certificate of honour in practical chemistry. Before leaving, he 
began a piece of research suggested to him by the present writer, 
who was at that time Demonstrator in the laboratory. It 
with great regret that he parted with the promising young student, 
who by this time had decided to leave the comparatively narrow 
field of pharmacy and proceeded to place himself under Professor 
(afterwards Sir Edward) Frankland, at the Royal College of 
Chemistry, then in Oxford Street. There, after carrying on his 
studies for two years further, he assisted Frankland in the separa 
tion of the amyl alcohols of f ousel oil by Pasteur’s process. Tht 
work was done in the laboratory of the Royal Institution, where 
Frankland had held the Professorship of Chemistry in succession 
to Faraday since 1863. From the optically active and inactive 
alcohols, Pedler prepared the corresponding valeric acids, and gave 
an account of his work to the Chemical Society in 1868 (Joum. 
Chcm. (Voc., 21 , 74). Further work in this direction was iniev* 
ru})ted by his taking part in the solar eclipse expedition to Sicily 
in that year. 

From 1871 Pedlm' served for two years as lecture demonstrator 
to Sir Edward Frankland in the Royal College of Chemistry in 
succession to Mr. Herbert McLeod, who had been appointed to the 
professorship of chemistry in the then newly instituted Koyal 
Engineering College at Cooper’s Hill. At the same time, he assisted 
in the research work on gaseous spectra in which Frankland and 
Lockyer were jointly occupied. This naturally directed Pedler s 
attention to the fascinating problems connected with the physical 
constitution of the sun and the stars. Consequently, on receiving 
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iu 1873 appointment as professor of chemistry in the Presidency 
College, Calcutta, he naturally occupied himself with subjects con- 
nected with celestial chemistry, and soon after his arrival in India 
he was charged with special duty in connexion with the eclipse 
expedition of 1875. 

On joining the Presidency College, he found that no practical 
work in any department of science was done by the students. To 
remedy this deficiency in the scheme of instruction was bis first 
care, and ultimately he succeeded iu securing the introdudioii of a 
s]nall amount of practical work into the science course for the 
degree, and a practical examiiiation was held for the first time in 
18Si Ultimately, he had the satisfaction of finding the university 
regulations require every college sending up students to provide 
the necessary staff and appliances for teaching jnactically each of 
the departments of science, and each candidate for B.A. or B.Sc. 
degree to be examined practically. 

Having been bom in 1840, Pedler was still a very young man 
on reaching India, and those who knew him in his early days will 
gladly recall those features of his character which inade him not 
only popular in youth, but, remaiiiing unchanged to his latest 
years, contributed materially to his succes.s in official life. 

In India Pedler retained the professors!) i]i in Calcutta, together 
with the office of Meteorological Reporter to the Government of 
Bengal, for twenty- two years. He then bccanic Principal of the 
Ibesidency College and Vice-Chancellor of the University. In 1801) 
he was appointed Minister of Public Jiistruction in Boigal, and 
became an additional Member of the Legislative Council under the 
Viceroy. 

Among other institutions, Pedler took great interest in the 
Kavenshaw College at Cuttack, and was ijistru mental in obi;aining 
accommodation for the physical and chemical departments in that 
institution. These successive steps iu official life explain the fact 
that Pedler's original contributions to scientific chemical literature 
were limited to the one paper on valeric acids, already mentioned, 
and several which arose out of the circumstances of his residence 
in India. 

Soon after his arrival in that country, he examined and reported 
on the coal-gas and water supplies of Calcutta. In 1878 he sent 
home a paper on the poison of the cobra, which was printed in the 
Proceedings of the Royal Society (27, 17). 

In 1890 he contributed to the Journal of the Chemical Society 
three papers, which showed that he was utilising opportunities, 
previously neglected by chemists, of studying the action of tropical 
sunlight on chemical change. The first of these papers was entitled 
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“The Action of Light on Phosphorus and some of the Propertie? 
of Amorphous Phosphorus.” The second paper was on "The 
Action of Chlorine on Water in the Light, and the Action of Light 
on certain Chlorine Acids.” The third paper contained an account 
of attempts to estimate hydrogen sulphide and carbon bisulphide 
in gaseous mixtures by explosion with oxygen. 

Pedler was a Fellow of the Institute of Chemistry and of the 
Chemical Society. He was elected F.K.S. in 1892. He was also 
an honorary member of the Pharmaceutical Society. 

In recognition of his public services in India he was created 
C-I.E. in 1901, and on his return to England in 1906 he received 
the honour of knighthood. On his retirement he soon found 
occupation in public work; he became honorary secretary to the 
British Science Guild, which owes much to his devoted service, and 
on the outbreak of war he took up active duties connected with 
the research department of the Ministry of Munitions. Whih.t 
attending a meeting of Committee at that office on Monday, May 
ISth, 1918, he was seized with sudden illness and expired immedi- 
ately. His death came as a great shock and surprise to his many 
friends, among whom no suspicion of weakness had been euter 
tfiined . 

Pedler was twice married, first in 1878 bo Elizabeth Margaret, 
fiaughter of C. Iv. Schmidt, of Frankfurt, and, secondly, to Mabel, 
youngest daughter of the late Mr. W. Warburton, Tt.N., of Led 
ham, who survives him. He left no children. \ p 


JOSEPH PRICE REMINGTON. 

Born March 26th, 1847; Died January 1st, 1918. 

Joseph Price Remington was born at Philadelphia on March 
26th, 1847, and b&imged to a well-known Quaker family, ais 
ancestors having been for three generations members of the Society 
of Friends. His father, Dr. Isaac Remington, was a prominent 
Philadelphia physician, whilst his mother, the daughter of Jo b 
H art, was in a direct line of decent from an apothecary who prac- 
tised his art in Philadelphia early in the eighteenth century. An 
inclination for the professional pursuit of pharmacy, which was 
manifested by Remington at an early age, would thus seem to have 
been inherited. 

At the comparatively early age of fifteen years, Reming » 



OBITUARY TOTICES. 


43 ^ 


sufferod tla© loss by death of his father, and this appears to have 
affected his subsequent career; for a plan to supplement his pre- 
liininary education — obtained in private schools and in the high 
school at Philadelphia — by an academic course of study had to be 
abandoned. In 1863 he entered the establishment of Charles Ellis, 
Sou and Co., a firm of wholesale druggists in Philadelphia, where 
he remained for four years, and during that time he attended 
evening lecture at the Philadelphia College of Pharmacy, from 
wliich he graduated in 1866. During the years from 1867 to 1870 
Remington was employed in the manufacturing laboratories of 
Dr. E. R. Squibb, at Brooklyn, N.Y., and in this position he had 
exceptional opportunities for acquiring a knowledge of technical 
methods, especially in their application to chemical and pharma- 
ceutical products, whilst also enjoying intimate association with a. 
man who was widely known for his scientific attainments and 
exceedingly high ethical standards. Remington then returned 
Pliiludclphia, and after a short period of service with the firm of 
Powers and Weightmaii, mamifacturing chemists of that city, he- 
established a pharmaceutical business on his own account, which 
was successfully conducted for thirteen years. In the mean time, he 
liad also served as an assistant to Professor Parrish, and subse- 
quently to Professor Procter, at the Philadelphia College of 
Pharmacy, and on the decease of the latter, in 1871, he was elected 
to the luofcssorship of jdiaimiacy in the caillege which had been his. 
olvia mater. The position which Mr. Reinington was thus called 
<m to fill he retained for the exceptiuiially long period of forty- 
four years, or until the close of his life, and during that lime 
several thousand students had received instruction from him. 

As circumstances did not permit Professor Remington to aapiire^ 
a scientific training, in the modern sense, Ins attainments and 
talents were directed more to what may be termed the ]n-acti(rai 
side of pharmacy and to editorial work. As examples of this, 
activity, there may specially be noted his iiarticipation in several 
revisions of the ^‘United States Dispensatory, ’ the' publication of 
his well-known text-book, entitled the Practice of Pharmacy,” 
and the arduous duties committed to him as Chairman of the Com- 
mittee of Revision of the ” United States Pharmacopoeia.” 

Professor Remington was a Fellow of. the Chemical, Linneaii, 
and Royal Microscopical Societies of London, as well as an active 
member of several scientific societies in his own land. The esteem 
in which he was held by his professional colleagues had, moreover, 
been manifested by the bestowal of nonorary membership in a 
large number of pharmaceutical orga nisations both at home and 
abroad. He had travelled widely iin his own country, and, had 
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several times visited Europe, the last occasion having been in the 
autujun of 1913, which will still be pleasantly remembered by nianv 
of his English friends. 

The home life of Professor Remington, with a devoted wife and 
several children, was particularly happy. His genial nature and 
fluency as a s})eaker, together with the fund of interesting i^. 
formation which he possessed, rendered him a most pleasant coju- 
panion. Ill social as well as professional circles he was therefore 
always gladly seen, and accorded a prominent place. 

The writer of these lines is grateful for the privilege of render- 
ing a slight tribute to the memory of one with whom a friendshij) 
had been susfaijied for more than forty years, and whose qualitici; 
of mind and heart had won such e.\d ended a[)preciation and regard. 

F. B. PoWEK, 


,IKAN JACQUES THKOPIIILE SCHCOESING. 

lloitN July 9th, 1824; Dikd FKimuAUY 8 th, 1910. 

One of the oldest and most distiiiguised of the foreign menihers 
of the Society, Jean Jacques Theophile Schloesing, passed away 
on February 8th of this year. He was in his ninetyTifth year, 
and almost all his life had been associated with agricultural chem- 
istry. He knew its illustrious founders, Boussingault, Lawes, and 
Gilbert, when they were still young men almost at the begiuning 
of their careers; he introduced new ideas at a critical stage, and. 
finally, when development had temporarily ceased, he opened up 
a new path, which is still leading to fruitful results. 

Schloesing was born at Marseilles on July 9th, 1824. At tk 
age of sevejiteen he entered the Polytechnic School, and left it two 
years later to take a post in the Service des Manufacteurs d'Efcat." 
He thus began Iiis career at the most eventful period in the history 
of agricultural chemistry; it was the year, 1843, in whidi Lawe? 
and Gilbert started their great work at Rothamsted, one year after 
Liebig’s famous report on agricultural chemistry to the British 
Association, and four years after Boussingault had commenced bis 
striking investigations at Bechelbronn. 

He must have done well in his first post, for three years after- 
wards — in 1846 — he became. Director of the Ecole des Tabacs, and 
within a few months published his first paper in the Compte>: 
reiidM] it was on nicotine and its estimation in leaf and maiiu- 
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iVHiveii lobaooD. Ho was Ibe first io nlitain nirolino in anv 
(jiiantity; it had previously been jnepared, us he telU us, only iti 
qiielques rares echantillons/*' Schloesiug verified its composition 
and designed a method for estimating it within about 1 i»er cent.- -a 
very accurate determination for the time. The method consisted 
ill displacing the nicotine with ammonia, extracting with ether, 
eliminating the excess of ammonia hy the evaporation of the ether, 
and then titrating the residual base with sulphuric acid. For live 
years no further publications appeared, then followed an ingenious 
pa[)er on the determination of ammonia in tobacco; milk of lime 
was added, and the mixture placed over sulphuric acid in the cold. 
The ammonia volatilised, and was absorbed by the acid, but at the 
low tejnperature of the experiment no .deconi])osition of other 
j^ulistances occurred. This pa]ier was followed shortly afteiwards 
|)Y one on the estimation of nitrates iu presence of organic matter; 
hydrochloric acid and a ferrous salt were abided, and iiilric oxide 
produced; this was washed free fiom hydrochloric acid, then mixed 
with air or oxygen, converted into nitric acid, and titrated with 
ail alkali. Subsequently, however, Schloesing found that conversion 
into nitric acid was unnecessary, and he designed a method for 
direct measurement of the nitric oxide. He also introdiicerl con- 
siderable improvements into the methods for estimating ammonia 
in dilute liquids, such as rain. As an illustration of the very 
cumbersome nature of some of the methods then in vogue, it may 
be mentioned that the determination of ammonia in rain-water at 
Rothamsted, carried out in 1853, had involved the distillation of 
2 cwt. of rain and evaporation of the distillate with sulphuric 
acid; in spite of all the laborious care bestowed on the work, the 
figure obtained was probably double the true value. 

For the next seven years Schloesing published no scieniilic work, 
but from 1860 onwards be issued a number of important jmblica- 
tions. Ill 1860, also, he began some cultural experiments with 
tobacco, which lasted for fifteen years, and \vere de.signed to ascrei- 
tain whether the physical properties and nicotine content of Iho 
leaf are characteristic of the variety or the result of environmental 
factors. In the first series, tobacco was raised from samples of 
seed coming from various regions; the resulting leaf had in each 
case the physical characters and nicotine content characteristic of 
the parent plants grown in their original home. The second series 
was more extended and lasted fourteen years; its purpose was to 
di.scover whether any marked alteration occurred in the character- 
istic properties when a variety is cultivated in a new district, 
Havanna tobacco was grown, and the seed saved; some was sown 
and some was stored ; each year a cert-ain quantity of the seed of 
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fvach generation w-as. sown. Tn no case was any 
observed. 

In 1860 Scliloesing began liis invesUgations on the soil. It 
])robably in this subject more than in any other that the genius 
of the man shone out. Looking back at these papers, their striking, 
feature is their modernness ; one can well believe that at the tiiue 
of publication they would not be fully appreciated. Again aiu! 
again he broached new subjects, which neither he nor his coii^ 
temporaries developed, but which later workers rediscovered thirty 
or forty years afterwards and showed to be of signal importance. 
He was essentially a pioneer rather than a builder, and he had thf, 
extraordinarily good fortune to discover gold almost every time; 
but he never himself developed his “finds,” and the subject was 
not sufficiently well organised to ensure that others should develm) 
them for him. , 

Schloesing's period of greatest activity was from 1866 to 187!), 
wlien lie was between forty-two and fifiry-five years of age; duriu^f 
this time he opened up no fewer than five new fields of soil iu- 
ve.sLigatioii, three of which are now proving extremely valua])k, 
His first soil paper was on the soil solution, which he separate^l 
from the solid particles by a displacement method. The subject 
received very little attention for nearly forty years; its importance 
was not fully realised until Whitney and Cameron in America 
published their striking paper in 1903, when investigations began 
again, using at first methods similar to those that Schloesing 
had designed. At the present time it receives perhaps more atten- 
tion than any branch of soil chemistry. 

Another subject which has come into prominence in recent tiiiies 
was investigated by him in 1868. He showed that nitrates are 
decomposed during certain fermentations, and five years later lie 
further showed that they are reducible to gaseous nitrogen in soils' 
deprived of oxygen. He also demonstrated that oxidations rather 
than reflnctions are the normal phenomena in soils under natural 
conditions; surface soils readily absorb oxygen, whilst sub-soils do 
not. After a lapse of nearly thirty years this phenomenon was* 
independently rediscovered, and its investigation figures promin- 
ently in some of the most recent research programmes. 

His most important work, however, was on nitrification. For a 
long time it had been known that nitrates are gradually formed 
when plant or animal residues, farmyard manure, etc., are id- 
corporated in the soil. The process was of much technical import- 
ance in the seventeenth and eighteenth centuri^ as the source of 
nitrates for gunpowder. During the Thirty Years’ War and other 
great continental wars, the various governments had been seriously 
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t'Oiif’erne<l in these so- called nitre beds, aud liad done a great deal 
j„ atoulate their development. An intere^itiug .collection of 
Hienioirs relating to the practical details was publishetl in Paris 
ill 1776.* A sJtady of these papers shows that the conditioiis of 
the change wer? tolerably well ascertained even then, but nothing 
was known of its mechanism. 

It has several times happened in the history of civilisation that 
agriculture has benefited by knowledge gained during war.* The 
mass of information accumulated during the eighteenth century 
wars, and apparently rendered useless in the nineteenth century 
l)y the promise of peace and the discovery of nitrates in Chile, was 
found to be of fundamental importance in agriculture, Boussin 
ganlt had realised, and Schloesing at once accepted the view, that 
the nutrition of plants, so far as nitrogen was concerned, depended 
on the nitre-l)ed processes; organic nitrogeii com pounds, useless as 
]»lant nutrients, became converted into highly valuable nitrates 
when added to the soil; the more rapidly this change could be 
1 ) 1 ' ought about, the better for the plant. So long, however, as tlie 
luecbanism of the change was unknown, the old knowledge was 
simply empirical and incapable of full utilisation. Many investi- 
gations had been made, but the problem remained unsolved. The 
balance of opinion was in favour of a purely physical process, but 
there was also a strongly supported chemical hypothesis. 

In 1875 a Commission was appointed to inquire into a scheme 
for carrying Paris sewage out to the land between (dichy and the 
forest of St. Germain, and Schloesing was asked tpo draw up the 
report. Rarely, even in France, can an essentially practical 
inquiry have led to such striking scientific results, WheJi 
Schloesing had finished the investigation, he had not only dis- 
covered a new and vastly improved method of treating sewage, but 
he had realised what was the cause of niti-itication, and thus 
founded the science of soil bacteriology. We cannot <lo lieiler than 
let him tell the story in his own words : 

"I was selected,” he tells us, *'to draw up the report of this 
Commission. On this occasion, following the plan indicated in 
1856 by M. Herve Mangon, and taking advantage also of the more 
recent investigations of Dr. Frankland, I endeavoured bo elucidate 
the principles involved in the land treatment of sewage by con- 
necting the process with the phenomena of slow combustion of 
organic matter in an atmasphere containing oxygen; I investigated 
at the same time the conditions necessary to secure satisfactory 

* “ Receuil de M^nioires et d’ Observations sur la formation et sur la 
fabrication du Salp^tre par Iss Commissioanaires nomm^s par BAcad^mie 
pour le jugement du Prix du Salp^tre.” — Paris, 1776. 
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|uirilicaiioii in 1 a Rpftc-ial point, of 

two problems which were confused: purilicatiou simply anH 
solely of Paris sewage, which would only require an area of 20Do 
hectares (5000 acres), and agricultural utilisation , of Paris sewage 
which would require an area twenty times as great. 

“ Boussingault had just published the researches on nitrificatioi^ 
that he had carried out some time previously. Blood, meat, ’wool 
straw, and oil-cake did not nitrify when mixed with sand aiul 
chalk and allowed slowly to oxidise, hut they rapidly nitrified when 
mixed with soil. I had vainly tried to nitrify ammonia by addiiK. 
it to sand and chalk and leaving the mixture exposed to air. 
results led me to think that the ])rojmrty of bringing about nitriii- 
cation was peculiar to soil. 

“ Wishing to fix my ideas on the subject, I made the folliiwin.r 
oxjiei'imcnt. A large tube, 1 metre long, was filled with 5 
ignited sand mixed with 100 grams of powdered chalk. The sand 
was watered daily with sewage, the amount being so arranged Hint 
it took eight days to traverse the tube. Por the first twenty davs 
there was no sign of nitrification, then nitrates began to appear, 
and the amount rapidly increased; finally, the liquid flowing osti 
of the tube contained neither ammonia nor organic matter— the 
sewage was absolutely purified/' 

The quality of the man's genius w^as revealed in two strildii® 
deductions drawn from this simple experiment. One was d 
supreme practical importance, and has revolutionised sewage dk 
posal practice. 

“ Au point de vue de Tepuration des eaux d’egout, I’experiettcf 
. . , prouve, en elTet, qu’il n'est nullemeut necessaire que rirnj{ii 
tion soit etablie sur les terrains agricoles; de sables steiile‘; se 
pretent parfaitement a repiiration, iorsqne le ferment nitrlqiif. 
upporte par les eaux mcmes, a pris possession dii milieu." 

From this to the model' n liacteria hed is no great step, at any 
rate in principle. 

The .second deduction was of oven greater consequence for the 
development of agricultural science. Reverting to the delay d 
twenty days in the setting in of nitrification, Schloesing and Munti 
asked why it set m. With characteristic shrewdness they observed 
that this delay could scarcely arise if the process were purely 
physical or chemical; some biological factor seemed to be indicated. 
I n order to test this possibility they added a little chloroform io 
the sewage ; nitrification at once stopped. They then removed the 
chloroform and “seeded” with a little fresh sewage; after ais 
interval nitrification began again. This showed that the proce^i 
was brought about by living organisms, and forthwith Scbloesiu? 
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and U\uM announced tho ejdsteuce of a living fcnncut. The 
discovery at once attracted atteulion; AVarington at Rothamsted 
jjimiediately recognised its importance, and proceeded to investigato 
nitrification in the Kothamsted soils; he was able to coufinu the 
accuracy of Schloesing’s deductions. Later on, the proof was made 
more rigid by Winogradsky's discovery of the organism. It is no 
diminution of the credit of the discovery that Tasteur in lrtG2 had 
already foreshadowed it, as Schloesiug himself pointed out, in his 
remarkable statement ; 

Bcaucoup detres inferieurs out la ])iopriet6 de transporter 
loxygciio de Lair, eii quautite consideralde. sue los niaticrcs 
organiqnes complexes: e'est un des inoyeiis done se sert la nature- 
pour .transformer en eau, acide carbonique, ovyde de carbon, axotc. 
acide nitrique, ammoniaque, les elements des substaiiciis 
organiqnes elaborees snr I’influeiice do la vie." 

This research marks the beginning of soil bacteriology. It seized 
tlio imagination of the younger workers, and speedily attracted 
icci'uiks to the new subject. Although Schhmsiiig- did not himself 
develop the subject, he, was satisfied that the ‘'ferment iiitrique’’ 
did not exhaust the list of soil organisms. Reverting to his earlier 
work ou the absorption of oxygen by soils, he says in one of his 
lectures*: " C'etait la, peusaiLoii alors, nn fait pureinent 
chimique. On sait aujourd’hui qiie e'est })rincipalement un fait 
biologique, e’est-a-dire que la combustion observee est Ic result at 
de la vie de nombreux orgauismes, tel par example que le ferment 
iiitrique, lequel est charge de transporter l oxygene sur I’azote.” 

These investigations by no means represent the whole of his 
-vuik on soil, although they may well prove to he his most per- 
uaiienb contributions to science. 

By a lengthy washing process, he obtained a }>rcparatiun of the 
incst clay particles which remained iuderautcly suspended in pure 
vat-er, but was precipitated by traces of a calcium or niHgiiesium 
;alt. This was comm only ]-egarded as Imiiig in some sense the 
essential clay, and agricultural chemists marvelled at the minute 
unount })resent even in heavy soils. The conception served a 
isefiil purpose, but it has since been replaced by h broarler one: 
he soil is now considered to be uiade up of particles varying from 
nim. downwards to molecular dimensions, the different grou])s 
nerging one into another without perceptible breaks. The clay 
p'oup is assigned for convenience an upper limit of 0002 min., 
Hit this is regarded as purely conventional. 

Another important investigation had to do with the movements 
>f calcium carbonate in the soil. The conditions of solubility of 
* “ Logons dc chimie agriculo,” 1883. 
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calcium carbonate in carbonic acid were determined, and % 
relationship between the quantities of these two substances 
shown to follow a logarithmic law. Deductions were drawn whict 
threw important light on the practice of liming and marling, and 
on the prK 5 ence of lime in natural waters. 

During the course of these investigations, Schloesing 
appointed in 1876 to the Chair of Agricultural Chemistry in ib 
Institut Agronomique, then just founded. Eleven years later, h 
1887, lie i'ollowed the illustrious Boussingault at the Conservatoire 
f/es Arts efc Metieres. During his active period, his lectures wens 
collected by his son in a volume, which still remains a sounre of 
insjuratiou to the student, 

Tn 1875 he began another important group of investigations: 
he carried out a series of determinations of the amount of amnionii 
ill the air, and published some interesting speculations as to itj 
source. He supposed that a great natural circulation took }ilace-, 
the nitrates washed out from the soil find thoir way to streams awl 
rivers, and finally to the sea ; there they are reduced to ainmoiiia. 
some of which escapes into tho atmosphere, is blown over the laud, 
and there absorbed by the soil or washed down by the rain. The 
anunonia then nitrifies, and such of the resulting nitrate as h 
washed out from the soil by rain-water passes once more through 
Die same cycle. 

In like manner, he supposed a circulation of carbon dioxide 
between oceans and atmosphere, and in this way he explained tb 
smallness of the variations in amount of the carbon dioxide in 
the air from time to time. He considered that the proportion oi 
carbon dioxide in the air was probably diminishing, although, gi 
course, very slowly. “ What,’^ he asked, "will be the result^ ' 

" Get appauvrissement continue-t-il encore, et, s’ll en est aina 
ira-hil jusqu’au point oil il canserait la mine de la vegetation et 
par suite la fin de toute vie a la surface de la terre? La solution 
de cet problenie dfiin si haiit interet nous echappe absohinient 
Kile ne pourra etre donnee nuc par les generations qui vicndroiH 
longtemps apres nous.’^ 

Well may we envy a man and a generation that had notliiuf 
worse to worry aoout! 

E. J. Russeli. 
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ALFRED SENIER. 

Bokn January 24th, 1853; Died June 22th. 1213. 

I. 

Ai.tHKi) Senieu whs l»orn on Jamipry 2^tli, 1853, at BuruLv, in 
IjHiicashii’e. His father, who luul heen one tlio early settlers in 
Dover, Wisconsin, had returned to England some six years previ- 
ously to iii busine.ss as a pharmacist, hut for reasons of 

licaltli he found it necessary to return to America shortly after the 
hirtlv of Alfred, his eldest son. Thus except for a brief visit to 
England during infancy and another during his student days, 
Seiiiers whole youth up to the time of his graduation asM.D.atthe 
ITniverpity of Michigan in 1874 was s])ent in the United I3tates, 
<'hiefly at MaKomanie, Mr. Alfred Senier, the father, appears to 
have been a man of romantic disposition, which found its expression 
in a rert/ain restlessness, leading him in early life to spend several 
years at sea and lat^r to travel considerably in Europe. The son 
inherited this taste for travel, and was allowed to visit both Lomion 
and Paris at the age of eighteen in the middle of his student eareei'. 

Immediately after his graduation the family hiially returned to 
Tiondoii, where Senier obtained a post at the school of the Phanna 
ceutical Society, first as assistant to Prof. Attfield and later as 
demonstrator. He was elected a Fellow of the Chemical Society in 
1875 and a Fellow of the Institute of Chemistry three years later. 

In 1881 he left the school of the Pharmaceutical Society in order 
to take charge of the chemistry teaching at St. John’s College, 
Battersea, where he remained for three years. 

During this period in London his interests extended beyond liis 
professional duties, which hitherto did not seem to offer him suffi- 
cient scope for his mental activities. Endowed as lie was with the 
faculty of accurate reasoning, and with clearness and breadth of 
mental vision, his interest at this time turned markedly to philo- 
sophical questions. We find him appointed as honorary secretary 
and treasurer of the Aristotelian Society on April 19tli, 1880, 
when it was first organised. He acted in this capacity until 1884, 
and in 1902 he was elected an honorary life member. At its fifth 
meeting he delivered a lecture to the Society on “Plato.'' In 1882 
we find him delivering a series of lectures on the “Elements and 
Farly History of Terrestrial Physics " to tlie Positivist Society in 
^^ewton Hall, Fetter Lane. It is also interesting to observe that 
le wrote to the Pharmaceutical Joimial in 1877 a spirited letter in 
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support of the proposal to admit lady pharmacists into the Phaviiu- 

In 1884 he left London for Berlin, where he studied chemistry 
under A. W. von Hofmann. It was at this period of his life that 
lie receivefl his greatest inspiration. Enthusiastic and imaginative 
by nature, he threw himself wholeheartedly into his work, and soon 
.attracted the attention of Hofmann, who became his ideal as a pro- 
fessor, lecturer, and teacher. A close friendship Imund him to hi. 
old master, in whose family circle he spent many happy evening?, 
and whose \>ersouality made a lasting impression on his mind. 

Later in life when fulfilling his duties in an academic chair lie 
loved to think that the same happy relations existed between hi? 
students and himself as he had felt when a student of Hofmann. 
His interest in his past students never flagged. He was ever ready 
to help them, and always pleased to hear of their success. 

Seiiiei-s own exceptional }X)wers as a teacher were no doubt due 
1,0 a lai-6 extent to the i>owerful influence of Hofmann, of wlion, 
he was never tired of speaking. Among his papers this idea is 
expressed in words thus: “ I had special opportunities for studying 
the methods of teaching for which Hofmann was jusUy famous. 
He possessed that rare gift of inspiring his students with the 
coverer’s enthusiasm. We discovered, with him to lead us, things 
known to science; and then, without realising a difference, we fol- 
low^ed him to things that were new, and thus became chemists witli 
the habit of research. With such a leader in research, with such a 
teacher in the right meaning of the word, no wonder that those wlio 
came within his influence became inquirers and teachers too.’^ 

On June 25tli, 1887, he graduated Ph.D. in Berlin, and returned 
shortly afterwards to London. 

Here he remained for a few years writing articles for the standard 
dictionaries of chemistry until he was called to act as locum teiiens’ 
for Maxwell Simpson, Professor of Chemistry at Queen s College. 
Cork in 1800. The latter resigned the following year, and was 
succeeded by Prof. A. E. Dixon, of Galway. The vacancy te 
created was filled by the appointment of Senior to the Chair of 
Cliemistry at Galway, which he occupied until his death. 

This Chair when first established in 1849 was filled by Edmund 
llonalds, who !ii the early days of the Chemical Society served as 
Secretary and also acted as Editor of this Journal. 

In addition to fulfilling the duties as Professor of Chemisky at 
Queenh College, Galway, Senior acterl as I.ecturer in Medical Juris- 
prudence and Hygiene. 

In Galway his professorial duties, his work on the College 



OBTTTTAllY 


m 

cil, and his personal interest in his stiulents engaged his closest 
attention. His strong personality and buoyant enthusiasm made a 
powerful appeal to the minds of his students, with whom he was 
always immensely popular. He was a champion of students’ 
interests, and never tired of reminding them that he was, and 
would remain, “always a student.’' Although not naturally 
attracted to athletic sports, he quickly realised their healthy inrtu- 
ence and value in promoting esprit de. corps and harmony among 
young men, assembled from all parts of Ireland, from homes repre- 
senting all shades of religious and political differences. They songhi 
and obtained in Galway aXJuiversity training under a system which, 
iilthougli technically non-res idential, was by reason of the small 
ness and isolation of the “ Citie of the Tribes” virtually residen- 
tial. Senior seized his opportunity and quickly won the affection of 
all the students by becoming the active patron of their s{K>rts. He 
founded the athletic union and acted as its president and treasurer 
for seventeen years. The astonishing prowess of the football team 
in its competitions with the larger sister colleges of Belfast and 
Cork was in no small measure due to his sympathetic and generous 
support. 

Meanwhile, the problem of continuing Ids researclies had to be 
faced, and was tackled courageously and successfully. At first little 
progress could be made, as Galway offered but a jmor field for creat- 
ing and maintaining an advanced chemical atmosphere. Neverthe- 
less, he persisted in his attempt, and soon acquired a good chemical 
library and ^uipmeiit sufficient to make a start. Well-furnished 
modem laboratories soon followed, anrl in conjunction witli varimis 
assistants, demonstrators, and senior students he was eventually 
able to contribute a large number of papers, chietly on a<‘i'i(lines 
and on phototropic and thermotropic comjKiunds, to the Tntn-<- 
octions of this Society. 

In 1908 the Royal University of Ireland conferre<l on him the 
degree of I). Sc. honoris causa. This event was made tlie occasion oi 
a public presentation to him of an address and silver casket from his 
old students, whose eager and liberal response, even from the most 
distant parts of the world, bore ample testimony to the lasting 
feeling of reverence and goodwill in which they held tlieir old 
teacher and patron of tlieir sporis. 

He was elected a member of the Royal Irish Academy, and in 
1912 he acted as President of the Cliemical Section of the British 
Association at the Dundee Meeting. 

When the National University of Ireland was creatal in 1908 
he took an active part in its organisation and development. He was 
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a member of the Senate until his death; which took place on 
29th, 1918, in Galway after a brief illness. Senior married in 188?^ 
and is survived by his wife and two daughters. 

W. S. M. 


11 . 

By the death of Alfred Senior the country has lost one of iu 
most enthusiastic and devoted workers in the domain of organic 
chemistry. The loss is felt most keenly by all his students and 
co-workers, who will always cherish the remembrance of his sympa- 
thetic and inspiring personality. In him the spirit of scientific 
inquiry was strong indeed, for in the face of difficulties, which 
would have baffled and beaten many a man of less sterling worth, 
his courage never failed, but enabled him to pursue unwearyingly 
the lofty ideals which he had formed in his youth and to achieve 
a measure of success and distinction which will assuredly become 
fruitful in the future. 

Even before leaving America he had shown evidence of a desire 
to undertake original investigations, his first paper, on the analysis 
of soap, appearing in the Americcm Journal of Pharmacy in 1874. 
At the School of the Pharmaceutical Society his aspirations received 
encouragement from Prof, Attfield, and he contributed a series of 
articles to the Pharmaceutical Journal, chiefly relating to the 
investigation of pharmaceutical preparations and including a table 
for the qualitative analysis of scale preparations, alkaloids, etc. The 
interaction of glycerol and borax particularly engagedhis attention, 
liecause he found that he could utilise it as a means for detectiug 
glycerol. In 1878 lie contributed to the Tramaetion^ of the Clifini- 
cul Society “ A New Test for Glycerin.” He also published a mini- 
' ]>er of articles in the Samtary Engineer. 

In Berlin Seuier came under the powerful influence of A, W. 
vou Hofmann. The enthusiasm which Hofmann aroused in Inni 
remained with him to the end, and he si>oke of him almost with 
veneration in his public lectures. 

Inspired as he was by his experience in Germany, the whole coiirsp 
of SeniePs later bfe afforded abundant evidence that he had learned 
nothing of the modern German aggiessive spirit of world-domina- 
tion. Indeed, his realisation of its existence only came to hiw 
after war was declare^!, and its effect on him was painful m tlif 
extreme, as shown in his letters to the writer. 

In Berlin his attention was first directed to the action of heat oa 
the formyl and thioformyl derivatives of aromatic amines, and later 
to the inve.stigation of cyanuric acid and cyanuric chloride. He was 
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able to show that the alleged a- and jS-isomerides obtained by Keriis; 
by the interaction of carbamide and hexabromoacetone were in 
reality identical with ordinary cyanuric acid. This work was 
embodied in his dissertation for the degree of Ph.D. 

Shortly after his appointment to Galway he reverted to the exam- 
ination of cyanuric acid, ajid found that the white solid produced 
by the polymerisation at 0® of freshly distilled cyanic acid was not 
pure cyamelide as was supposed, but consisted chiefly of cyanuric 
acid mixed with 30 per cent, of cyamelide. 

Being greatly interested in all Hofmann's work, he decided to 
follow up the reaction by which ethylenediamiues and piperazines 
are formed from arylamines. By using methylene dihaloids instead 
of ethylene dihaloids, he found that although the simplest aryl- 
amines give rise to methylenediamines, as the molecules increase in 
complexity through the inclusion of methyl groups or of condensed 
rings, the character of the reaction changes and results in the forma- 
tion of acridines. Thus from ^-cumidine he obtained hexamethyl- 
acridine, and from o-naphthylamine a new dinaphth acridine. Tins 
result led him to study the subject of acridines in some detail, and 
a series of papers appeared in the Tranmctions. He also introduced 
a new and convenient system of notation in the acridine series. 
This work was followed by a paper on quinazolines and a series of 
;>apers on the synthesis of phototropic compounds, to which lie was 
ed by his observations on salicylidene-m-toluidiiie during the course 
his investigations on acridines. This discovery of phototropic 
■hange led Him to prepare and examine a large number of simi- 
arly constituted anils, many of which were also pliototropic, 
ilthough the property was by no means characteristic of tlie class, 
riie change from the paler variety to the darker under the influ- 
mce of sunlight occurs rapidly in a few minutes — whereas the 
re\erse change requires a much longer time. This process of 
revei'sal can, lie found, be accelerated by raising the temperatures, 
l)Ut there appears to be for each substance a critical temperature 
iibove which the property of phototropic change disappears, 1 n some 
teases this temperature is near the melting point; in others it is 
much lower; in fact, in the case of two compounds examin^, 
namely, salicylidene-p-anisidine and 2-hy droxy-3-methoxy benzyl - 
idene-j!>xylidine, no phototropic change is observed until a tempera- 
ture of - 20° is reached. Similar colour changes were observed to 
iake place under the influence of heat instead of light, this pheno- 
nenou being termed thermotropij by Senier. Thermotropy appears 
® be much commoner than phototropy, and in many instances the 
hermotropes were also found to be phototropic. The suggestion was 
wit forward by Senier that these jihototropic and thermotropic 
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worth reading, for he explains very clearly how industrial 
development does not depend on the technical education of the 
operatives, but arises naturally from the development of the highest 
form of scientific activity at the universities, 

P. C. Austin. 


JOHN BISHOP TINGLE. 

Born 1867; Died August 5th, 1918. 

John Bishop Tingle, Professor of Chemistry in^IcMaster Uni- 
versity, Toronto, who died on August 5th, 1918, at the age of lifty- 
one after a brief illness, received his early training at the Royal 
Grammar School, Sheffield, entering Owen’s College, Mancliester, 
in 1884, under the late Sir Henry Boscoe. In 1887 he proceeded to 
the University of Munich to study with Claisen and von Baeyer, 
where he took the degree of Doctor of Philosophy in 1889. While 
at Munich his studies were essentially in organtc chemistry, his 
dissertation for the degree dealing with the action of ^hyl oxalate 
on aliphatic ketones. 

On returning to England Dr. Tingle held certain junior appoint- 
ments which offered him opportunities for research. Owing, how- 
ever, to unforeseen family responsibilities he was compelled to give 
up, for a time, his chosen career of investigation, and taught’ 
chemistry in secondary schools. 

In 1896 he came to America and was successively professor of 
chemistry at the Lewis Institute, Chicago (1897-1901), Illinois 
College, Jacksonville (1901-1904), and assistant in charge of organic 
chemistry at Johns Hopkins University under Professor Remsen 
(1904-1907) . During his residence in the United States Dr. Tingle 
became sub-editor and abstractor in organic chemistry on the staff 
of the American Chemical Journal, his work being characterised 
with care and precision, and as his study of current literature in his 
chosen field was extensive and exhaustive he scared no pains to 
make his abstracts clear, complete, and useful. His long training 
as an abstractor on the staff of the Journal of the Chemical Society 
specially qualified him to take this important part in organising the 
organic abstracts for the American journal. 

Dr. Tingle was appointed professor of chemistry at McMaater 
University, Toronto, in 1907, in which post he laboured energeti- 
cally and faithfully until his death. It was perhaps in teaching 
for which he possessed a special talent, that Dr. Ting e i is es 

VOL. cxv. ^ 



454 


OBITITARY IfOTICES. 


abd moet valuable work for the country of liis adoption. He was 
insistent on the importance of careful, accurate, and clean crafts- 
manship, and held that theory was useless and often misleading 
without a knowledge of how it had been deduced and how it could 
be applied in practice. He laid special stress on the need of mani- 
pulative skill of the highest order as a necessary^ pre-requisite to 
orderly and clear reasoning and successful results. 

Dr. Tingle’s original work, embodied in upwards of thirty publi- 
cations, deals with problems of organic chemistry, and is centred 
chiefly round the mechanism of the Claisen reactions ” and the 
products and mechanism of nitration in the benzene series. His 
last peper, which did not appear in print until after his death, 
settled certain ^ minor points previously undetermined, and was 
intended to dear the way for a comprehensive study of the laws 
governing nitration and the means by which their reactions could 
be controlled. Dr. Tingle made prganic research his life work, and 
carried through to a successful issue a large number of investigations 
in his chosen field. He held a first place among organic chemists in 
Canada, and had he been spared it was expected that he would 
have been able il a few years to devote himself almost exclusively to 
research. Much has been lost by his death. 

In tlie‘ sphere of Canadian war work Dr. Tingle was the first to 
recommend the intensive training! girls for employment in iiiuiii- 
tion and chemical factories in Canada, and laid himself out ener- 
getically to instruct them towards this end. The extra work 
involved undoubtedly accelerated his death. 

He translated and edited several important works in chemistry. 
For a long time “ Spectrum Analysis,” by Landauer and Tingle, 
was the most comprehensive work on the subject in English. 

Dr. Tingle was a kind and generous man, taking a great personal 
interest in his students. and their work and exciting their ambition 
and enthusiasm for advanced study. 

He leaves a widow and two children. 


W. R. L 
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The Influence of Catalysts on the Chlorination oi Hydro- 
carbons. V. R. Kokatnue (J, Amer. Chem. Soc., 1919. 41, 
120—124). — Attempts were made to prepare pentachloroethane by 
the limited chlorination of s-tetrachloroethane. Various catalysts, 
such as vegetable and animal charcoal and metallic iron, were 
suspended in s-tetrachloroethane, and chlorine gas was passed 
through the liquid at various temperatures. In no case was penta- 
chloroethane found among the products of the reaction, which con- 
sisted only of hexachloroethane and unchanged tetrachloroethane. 
In other trials, chlorination was elfected by heating with bleaching 
powder and water and with anhydrous aluminium chloride. In 
these cases, also, hexachloroethane only was produced, although a 
certain amount of the tetrachloroethane was converted into «.<i*tetra- 
chloroe thane. It is not decided whether this complete chlorination, 
giving hexachloroethane as the only product, is to be ascribed to 
the influence of catalysts or to the symmetrical structure of the 
tetrachloroethane, whereby both atoms of hydrogen are equivalent 
in function and are therefore substituted simultaneously. It is 
true that pentachloroethane may be produced by chlorinating in 
the presence of actinic light, but that may be due to the specific 
influence of the light on the constitution either of the s tetrachloro- 
ethane, making it uns 3 rmmetrical, or of the chlorine molecule. 

, J. F. B. 


Constitution of the Product of the Action of Acetylene on 
Mercuric Chloride. W. Manchot (Annale^i, 1918, 417, 93 — 106 . 
Compare Manchot and Haas, A,, 1913, i, 1009). — A reply to Biltz 
and Reinkober's criticisms of the author’s formula, 
C2Hg,HgCl^,HgCl,H20. 

[With Feanz Maerlein.] — Styryl ethyl ether and an aqueous 
'solution of mercuric acetate (3 mols.) are warmed at 50°, the cooled 
liquid is poured, after two hours, into a 10% solution of sodium 
"hloride, whereby a white substance, CHPhiCH*OH,2HgCl’OH, is 
obtained. It melts partly at about 120°, decomposes somewhat 
violently when heated over a free flame, is scarcely attacked by 
dilute sodium hydroxide solution, and yields phenylacetaldehyde by 
heating with hydrochloric acid. 

In view of the preceding observations, the author now inclines 
to the opinion that the product of the action of acetylene on 
mercuric chloride, Biltz and Mumm’s “trichloromercuriacet- 
aldehyde,'’ is an additive product of vinyl alcohol ; a formula is not 
recorded, on account of the uncertainty of the individual character 
of the substance. 

VOL. oxvi. i h 
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Constitution oi Geraxiiol, linaloolf and Norol. Albs&t 
Veeley [BvU. Soc. chim., 1919, [ivj, 25, 68 — 80).— a<Jitral when 
boiled with. 1 % aqueous sodium bydroxid© gives ^-methyl\K 
heptenonet p* 168°, which 

when oxidised witb potassiuiu permanganate pves the glyco] 
HO*CH 2 ’CM 6 (OH)’CE 2 *CH 2 *CH 2 'COMe, which when oxidised with 
chromic acid only gives traces of acetone. i3-Methyl-A“-hepteuone 
when warmed on a water-bath with dilute sulphuric acid is readily' 
transformed into its A^-isomeride, CMe^XH'CEj’CHo'COhlft 
(compare Tiemann, Ber., 1895, 28, 21, 2126). From th^ 
the author assigns to geraniol, obtained by the reduction of citral 
the constitution CE 2 :CMe'CB 2 -CH 2 -CH 3 -CMe:CH-CB 2 ' 0 H, which 
corresponds with citronellol. With hydrogen bromide, this geraniol 
gives a tribrqgno-compound, 

CEg-CMeBr-CHa-CHg-CHg-CMeBr-CHa-CBaBr, 
which by treatment with alkali yields isolinalool, h. p. 200 — 20 ?<^ 

' which thus has the constitution 

CMe2:CE-CH2-CH2*CMe(OH)-CH:CH2, 
ordinarily assigned to linalool, which must, therefore, be repre- 
sented by the forifula CH 2 *.CMe*CH 2 'CE 2 'CH 2 ‘CMe(OH)*CE!CH 2 . 
With hydrogen iodide, geraniol gives a monoiodo^derivative, which 
under the influence of alcoholic sodium hydroxide readily loses 
hydrogen iodide, giving a quantitative yield of nerol, to which the 
author assigns the constitution 

CMearCH^-CHg-CHa-CMelCH-CEg-OH, 
previously attribute by Tiema^ to geraniol. Nerol when oxidised 
with dilute chromic acid mixture gives nerol, b. p. 120 °/ 2 Q nun,, 
D 0'890, which is easily decomposed by alkalis, giving acetaldehyde 
and /S-methylheptenone, anj^ with an alkaline solution of cyanoacetic 
acid yields nerylidenecyanoacetic acid, m. p. 95°. 

Of the substances of the geranic series occurring in nature, 
geraniol, citral, linalool, and methylheptenone, there exist two 
isomeric forms, a and $, of which the a^form is much the more 
abundant of the two, being accompanied by only a very small pro- 
portion of the ^form. 

The new formula for geraniol given above permits of a ready 
explanation of the dose relationship which exists between geraniol 

and dipentene, CHa:CMe-CH<pg2^*^>CM6. W. G. 

Molecular Transpositions of a-Glycols. 1. Introduc- 
tion. A. OrbkhOfp {Bull. SoG. chim., 1919, [iv], 25, 9—19).— 
A theoretical discussion in which the author shows that Werner’s 
theory (A., 1906, i, 436) combined with that of Tiffeneau (A., 1906, 
i, 724) can be successfully applied to the interpretation of the 
phenomena of the transpositions occurring in the dehydration of 
a-glycols. He attributes to each radicle an “ aptitude for migW' 
tion,” or a “relative mobility” and a “saturation capacity” which 
vary with the different radicles, but in the same sense, and assumes 
that these control the transpositions, awjording to which he shows 
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t,hat tJie symmetrical and asymmetrical isomeric glycols give the 
same products of dehydration.: 

HO’CRR'*C?RR'‘OH — > R'-CO'CRgR' HO-CR^'CRVOn. 

These transpositions may, however, be modified by the nature of 
the dehydrating agent, and in the case where R or R^ ia a phenyl 
group by the introduction of substituents into the benzene nucleus. 
The benzyl group apparently has a smaller “mobility" and a 
smaller “capacity of saturation" than the phenyl group, W. G. 

Preparation of Methyl Sulphate. Waltjsr Norman Haworth 
and James Colquhoun 1bvi;ie (Brit. Pat., 122498).— For the pro- 
duction of methyl sulphate, dimethyl ether and sulphur trioxide 
are caused to combine directly in the presence of a solvent. The 
sulphur tri oxide may, if desired, be employed in the form of the 
dilute gas produced by the reaction of sulphur dioxide with air by 
the contact process. Both the sulphur trioxide and the methyl 
ether vapours must be perfectly dry, and the latter must be free 
from the vapours of alcohol. The. two gases are passed simul- 
taneously in approximately ^quimolecular proportions into the 
solvent liquid, which may conveniently consist of methyl sulphate 
itself. The mixture is stirred continuously and cooled by a water- 
jacket or coil. The methyl sulphate produced is drawn off and 
treated with iron filings or other reducing agent to neutralise the 
influence of any excess of sulphur trioxide which may be present ; 
it is then purified by rectification under diminished pressure. 

J. F. B. 

Preparation of Acetic Acid from Acetylene. Fabbbn- 
PABBiKEN voEM. Feiepe. Bayer & Co. (P.R.-P. 297442; homChem. 
Zentr,j 1919, ii, 61). — Acetylene is treated with solutions of 
hydrogen peroxide, persulphuric acid or monopersulphuric acid, or 
solutions or suspensions of their salts in acids in the presence of 
mercury or mercury compounds. Thus a quantitative yield of acetic 
acid is obtained in a single operation when acetylene is treated with 
solutions or suspensions of per sulphates in water or acids in the 
presence of mercury or mercury compounds. Salts of monoper- 
sulphuric acid, solutions of persulphuric acid and monopersulphuric 
acid, and of hydrogen peroxide may also be used; in place of the 
latter, any substance (percarbonates, peroxides) mav be employed 
which yields hydrogen peroxide when acidified. H. W. 

Manufacture of Ethylidene Diacetate. Societe Chimique 
DEs UsiNES DU Rhoke (Brit. Pat., 112765). — The reaction between 
acetylene and glacial acetic acid for the production of ethylidene 
diacefcate is caused to take place in the presence of aromatic or 
aliphatic sulphonic acids lind mercuric acetate, and in the absence 
of mineral acids or acid salts of mineral acids. The formation of 
tarry by-products and the secondary decomposition of the ethylidene 
diacetate are thereby suppressed. Suitable acids are benzene- 



I 148 


A13STKACTS Off CHEMICAL PAFKES. 


sulphonic, naphthaleuesulphonic, camphorsulphonic, sulphoaceti^ 
methionic acids, etc. Forty parts of mercuric oxide are dissoive( 
in 200 of glacial acetic acid, a solution of 50 parts of /S-napiithalene 
sulphonic acid in 200 of glacial acetic acid is added at 70^, 
thie mixture is caused to aosorb 200 parts of acetylene during twi 
hours at 70°. The excess of acetic acid is then separated from tb 
ethylidene diacetat© in the usual way. J. F. B. 

Preparation of the Bromoisovaleric Ester of Broou^ 
amylene Hydrate, Emil Hath (D.K.-P. 30^405 ; from 
Zitnir.j 1919, ii, 61).— The t&tcr is obtained as a pale yellow oiloj 
faint, characteristic odour, which can be distilled in a vacuum bj 
heating a molecular mixture of bromoamylene hydrate and hiom^ 
tfiovaleryl bromide in the presence of an indifferent solvent at tb 
temperature of the water-bath until hydrogen bromide ceases to b 
evolved; bromoisovaleryl chloride may be used in place of tbj 
corresponding bromide. H. W, 

Theory of Acids. 0. Hinsberq {J. pr. Chem., 1918, [ii], 98^ 
145 — 154). — Elaborating the conception of multiple valency centre: 
(A., 1917, ii, 173, 461; 1918, ii, 106), the autnor endeavours tc 
correlate the acid properties of ethyl acetoacetate, oxy-acidi 
acetylene, hydrogen cyanide, hydrogen sulphide, and the halogen 
acids. Acids are compounds which contain hydrogen bound eittei 
alone (HCl; HgS) or with other elements (oxy-acids; ethyl aceta 
acetate; hydrogen cyanide) to an element of groups V — ^Vil of tbt 
periodic table. The acidic hydrogen atom is linked to one atoa 
by a principal valency and to other atoms by several subsidiary 
valencies, the effect of this competition of forces being to render 
the hydrogen atom mobile. 

The mobility and loose binding of the hydrogen atom within tie 
acid molecule may be regarded as the preliminary condition for 
dissociation into anion and cation. C. S. 

Nitration of Sucrose : Sucrose Octanitrate. E. J. Hoffmas 
and V. P. Hawse (/. Amer. Chem. Soc,, 1919 , 41 , 235—24?).- 
After removal of acid, the product of the nitration of sucrose bj 
sulphuric and nitric acids in the cold forms a tough, viscous, 
semi-transparent, slightly hygroscopic mass, which can be pulverised 
to a sticky, white powder when hardened by cooling. When heated 
and allowed to cool, it begins to flow sluggishly at 40° and tbei 
gradually sets, ; ntil at 8° it becomes very hard and brittle. Whes 
acid-free, it is fairly stable, and may be kept without appreciable 
change for weeks at the ordinary temperature, but it decom^s^^ 
when heated at comparatively low temperatures, this decomposition 
becoming more rapid after long heating ; it is very sensitive to 
friction or impact. The mean nitrogen* content of different p 
parations was 15%, the molecular weight in freezing ^ acetic ap i 
benzene, or nitrobenzene, 428 '9 — 565 '2, and the specific 
using light from a frosted tungsten lamp filter^ through .« 
dichromate solution, [a]^ +56‘66°. 
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Cj,H,A(N 03 ), obtained by evaporation of 
the alcoholic solution of the above product at the ordinary tempera 
ture, forme elongated acicular crysUls, probably of the monoclinic 
but possibly of the orthorhombic, system [Herbert InslfvI m J 
85-5°, [a]^ +56-05°; it has the normal molecular Aveight h 
ing nitrobenzene, and Tvhen heated gradually from 33° to 87° in 
a period of nearly two hours it shows no signs of decomposition 
Photomicrop^phs of the crystals are given. Sucrose octaiiitrate 
may be estimated in explosive mixtures by means of its rotatory 
power and nitrogen content (15-95%). T H P ^ 


Preparation of Soluble Starch. James Craio Small (J 
Amer. Chem, Soc., 1919, 41 , 113— 120).— Starch may be entirely 
converted into soluble starch, without the formation of erythro- 
iextrin or other cupric ^educing products, by boiling with alcoholic 
hydrochloric acid under carefully regulated conditions. These con- 
iitions have been studied, and the method adopted by the author 
consists in suspending 20 grams of starch in 100 c.c. of 95% alcohol, 
idding 0-75 c.c. of strong hydrochloric acid (D I' 191, and boiling 
■or exactly ten minutes with continuous agitation. The conversion 
s stopped by adding all at once the previously determined quantity 
)f sodium hydrogen carbonate solution necessary to neutralise the 
icid. The soluble starch is then washed several times with alcohol 
ly decantation, collected on a filter, and dried. The experiments 
performed in establishing the conditions of the above method of 
)reparation showed that the amount of hydrolysis hears a direct 
atio to the concentration of the hydrogen ion, but it would appear 
hat in favourable circumstances the complete conversion into 
olnhle starch constitutes a definite sta?e preliminary to further 
lydrolvsis, and that maltose is not split olT fmm the starch molecule 
■s a direct conseauence c? this change. This supports the idea 
hat soluble starch is a hvd rated starch. From soluble starch 
n wards, the hvdrolysis again appears to bear a direct ratio to the 
cid concentration. p 


Relations between the Viscosity of Cellulose Nitrate 
Solutions and the Nitration Process, with Special Reference 
3 Wood Cellulose. G. Lkysieffer [KolL Chem. Beihefte, 1918, 
G) 145^ — 178). — The material employed was a chemically pure wood 
ellulose prepared from deal. It contained a cellulose 80-4, 
Cellulose 6*8, y-cellulose 12-8%. The ash amounted to 0*20% and 
be fat to 0‘44%. The nitration with a mixed acid of known com- 
osition was performed much in the usual manner; both cold and 
ot washing were employed. The drying was effected at 36 — 40° 
>r twenty-two hours. The nitrogen content of the product was 
stimated by the Schulze-Tiemann method, and the nitrates were 
irther characterised by solubility determinations in alcohol or 
fher-alcohol (2:1). The viscosity of the acetone solutions of the 
itrates was determined by the Ost viscosimeter. 

As the results of a large number of experiments, tables and 
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graphs of which are given, the following conclusions are drawn 
(1) By the nitration of cellulose, the same value for the viscoait 
is always obtained provided all the factors which influence tV 
internal friction (composition of the nitrating acid, temperatur^ 
of#the bath, duration of the nitration, proportion by weight of 
cellulose to acid, method of preparation and properties of tt 
cellulose employed) are kept constant. (2) The greater the nitric 
acid content of a nitrating acid, the higher is the viscosity of the 
nitrated cellulose in acetone soliltion. If, however, the percentage 
content of nitric acid equals or exceeds that of the sulphuric acid 
smaller values are found for the internal friction. This diiuinu 
tion is more marked in the case of dilute nitrating acids than of 
concentrated nitrating acids. Increasing the water content from 
0% to about 11% causes an increase of the viscosity, only, however 
if the nitric acid content is less than the^ sulphuric acid content- 
otherwise, and if the water content exceeds* the above limit, smaller 
values are obtained for the viscosity. (3) Nitration at tempera- 
tures below 0° produces nitrates having high viscosity values. The 
higher the temperature of nitration, the smaller is the viscosity 
(4^1 The viscosity values vary considerably in the case of nitrate 
which have been nitrated for only a short time (five to thirtr 
minutes). They increase so long as the nHrogen content increases 
blit nrolcnged action of the nitrating acid results in a diminution 
of the viscosity. (5) A close connexion is found between the 
nitrogen content of a cellulose nitrate and the internal friction of 
its acetone solution : the higher the nitrogen content, the higher is 
the viscosity. (6) Acetone solutions of cellulose nitrates hecoTre 
more mobile with keeping, strongly viscous solutions more so than 
less viscous solutions. (7) The kind, method of preparation, and 
previous treatment of a cellulose are of great influence on the 
viscosity. A high content of y-cellulose causes increased viscositv 
in the nitrate. Nitrates from cotton cellulose show higher vi?co?i- 
ties than those from wood cellulose. C. S. 

The ?r-Butylarvlamines. III. Constitution of the Nitro- 
derivatives of w-Butvl-p-toIuidiu e . Jose p h Re il ly and W i lfrbd 
John Hickinbottom (T., 1919, 115, 175 — 181). 

Amino-acids. Henry Drysdale Dakin {Biochewr. J., 1918, 12, 
290 — 317). — By using a new method of extraction, the author has 
isolated a new am'pohydroxy-acid and a new peptide from the pro- 
ducts of acid hydrolysis of caseinogen. 

When caseinogen is hydrolysed with sulphuric acid, and the latter 
subseauentiv removed as barium sulphate, on submitting the neutpl 
concentrated solution of a mi no -acids to continuous extraction with 
butvl alcohol it is found that five fractions can he obtained ai* 
follows : (1) Monoamino-acids, both aliphatic and aromatic, which 
although insoluble in butyl alcohol, are extracted in the aheve 
process, hut deposited as a cream-coloured, granular powder m ttc 
extraction flask. (2) Proline, soluble in alcohol and extracted of 
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butyl alcohol. (3) Peptide anhydrides (diketopiperazines) ex- 
tracted by butyl alcohol, but separated from (2) by their sparine 
solubility in alcohol or water. (4) Dicarboxylic acids, not exkacted 
by butyl alcohol. (5) Diaminoacids, not extracted by butyl 
alcohol, but separable from (4) by phosphotungstic acid 
and other means. It is noteworthy that no indications of race- 
misation of the products^ during this process have been observed, 
and materially higher yields of many amino-acids were obtained 
than by existing methods. Thejfact that the monoamine -acids 
which are essentially insoluble in all alcohols, are extracted by butyl 
alcohol under the above conditions, ig due to the passage of a certain 
amount of water into the alcohol, since the extraction is very un- 
satisfactory if the aqueous solution of amino-acids contains an 
excess of salts, such as calcium chloride. 

Using this method, the author found as an average of five deter- 
minations 8*0% proline from caseinogen, and from his specimen he 

CH *CH*C0 ^ 

prepared \-'prolylhydantoi\ CHn< Y m. p. 

165— -167°,^ Wd -232° to -238‘5°, by passage through the 
nramido-acid. 

The method of extraction with butyl alcohol furnishes a ready 
means of obtaining a dry, almost neutral amino-acid mixture, which 
would serve as a basis for nutrient media with or without the addi- 
tion of tryptophan, and might possibly find use for dietetic pur- 
poses, since most of the amino-acids which furnish dextrose in the 
diabetic organism are absent. 

After the precipitation of the diamino-acids from the amino- 
acids not extract^ by butvl alcohol, and subsequent separation of 
glutamic and aspartic acids, the former as its hydrochloride and 
the latter by the method of T^evene and Van Slyke (compare A., 
1910, i. TlOb using freshly precipitated lead hydroxide, it was 
found that large amounts of at least one other dicarboxylic acid 
were still present, and it could he isolated. This acid, isolated 
through its silver salt, was characterised as $-hvdroTpf/Tvfomic acid, 
CO:>H*CK(NH 2 )*CTI(OHVCH.>*COiH, crystallising in , stout prisms. 
It is optically active and extremely soluble in water. It yielded 
,nher, copper, mercury, lend, cndm.ivm, zinc, rdiciurn, and hnrinm 
salts, gave a diethyl ester, and on prolonged heating at 
100 — 110° over phosphorus pentoxide lost a molecule of water, 

h 

giving a compound, CO^ tt nir ntr ■ On heating the acid with 
^0x1.1* CJt *0 H. 

zinc dust, an intense pyrrole reaction was obtained, and when 
reduced with fuming hydriodic acid at 150° it yielded glutamic 
acid, amongst other produces. The sodium salt of the acid (1 mol.) 
when oxidised with chloramine-T (1 mol.) gave an aldehyde, 
which with 7 ?-nitrophenvlhv<Jrazine gave a characteristic omzone, 
CU.K-CH,*C(:N'NH-UHrNO,)-CH:N-UH*C,H^-N 02 ,_ m. p. 
297- — 299®, giving a red awmoninm salt. With potassium cyanate. 
0‘hydroxyglutamic acid yielded a uramido-acid, which when heated 
with acids gave a very soluble hydaptoin. The acid gave derivativeg 
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with phenylcarbimide and jB-naphthalenesulphonyl chloride, which 
were not well defined. It also gave characteristic colour reactions 
with various phenols and concentrated sulphuric acid. 

The peptide mixture, extracted by the butyl alcohol from the 
products of hydrolysis of the caseinogen, was separated from 
proline, and obviously consisted of a number of different com- 
pounds. A tyros ine-containing peptide was isolated, but mot 
identified, and also a peptide, which was shown to be d-koJeucyl 
d-valine anhydride \}^o'pro'pyl-%^^l}utyldiketojn'perazint\ 

tn. p. 310—312°, [a]* -42-0° to -43-5°. W, G, 

Formation, by Oxidation, of Organic Substances, ofanin 
termediate Substance spontaneously producing Carbamide. 

R. Fosse {Compt. rend., 1919, 168, 320 — 322). — The author showi. 
that whereas, by oxidation with potassium permanganate, sub- 
stances such as casein and amino-acids give only a small yield of 
catbamide, if the oxidised solution is subsequently heat^ with 
aqueous ammonium chloride, a very much greater yield of carb- 
amide is obtained. Similarly, if substances such as glycerol, carbo- 
hydrates, or formaldehyde are oxidised with potassium perman- 
ganate in the presence of ammonia, the yield of carh amide is prac- 
tically negligible, but if the products are heated with aqueous 
ammonium chloride, a considerable yield of carbamide is obtaimwi. 

W. G. 

The Action of Chlorine on Hydrazine, Hydroxylamine, 
and Carbamide. C. T. Dowell (/. Amer, Chejn. Soc., 1919, 41, 
124 — 125). — When a large excess of chlorine is allowed to react 
with hydrazine and hydroxylamine in contact with carbon tetra- 
chloride, evidence is obtained showing the formation of nitrogen 
trichloride, since on separating the carbon tetrachloride and treat- 
ing it with a solution of potassium iodide, nitrogen is evolved. 
The author has confirmed the observations of Chattaway on the 
properties of dichlorocarbamide, in that when kept its solution i? 
decomposed, giving as one of the products nitrogen trichloride. 
Chattaway considered that in the course of this decomposition 
carbon dioxide and monochloroamine were formed, the latter giving 
ammonia and nitrogen trichloride. The author, however, has tested 
the solution for monochloroamine by Raschig’s test with ammonia 
and benzaldehyde, whereby, owing to the formation of hydrazine, 
the insoluble benz^dazine should be produced. This is not the 
case, and no evidence o-f monochloroamine is obtained. It is 
suggested that the nitrogen trichloride may be formed by the action 
of chlorine, which may also be a decomposition product of dichloro- 
carbamide. . J- !''■ 

Coal. Am^ Pictet (Ann. Ckim., 1918, [ix], 10 , 249 — 330 ).*-A 
more detailed account of work already published (compare A.> 
1911, i, 850; 1913, i, 1315; 1914, i, 155; 1915, i, 512; 1916, i, 800; 
1917, i, 515). W. G, 
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Halogei^tion. XVIII. Direct lodinatioa by means of 
Iodine and Nitrxc Acid. Rasik Lal Datta and Rihar Ranjan 
Chattebjee (/. Amer, Ghem. Soc., 1919, 41, 292— 295).— In con- 
tinuation of the investigations on iodination by nitric acid (A 
1917, i, 332), it is found that the reaction takes place readily in 
the case of aromatic acids and aromatic haloid derivatives. Thus 
iodobenzene gives a good yield of ^di-iodobeiizene. Although a’ 
small proportion of trinitrophenol is formed as a result of the 
hydrolysis of iodobenzene and sllnuli^neous nitration in presence 
of nitric acid (loc. cit,), it is not possible to prepare trinitrophenol 
catal^ically by using a small quantity of iodine 'with continued 
addition of benzene and nitric acid, since iodobenzene is quite 
stable under these conditions, any excess of iodine yielding p-di- 
iodobenzene, and any excess of nitric acid, /Modonitrobenzeiie. The 
latter is, however, formed by the prolonged action of iodine and 
nitric acid on benzene, since p-di-iodobenzene is decomposed by 
nitric acid, giving jo-iodonitrobenzene, a good yield of which may 
be rapidly prepared by this method of exhaustive iodination of 
benzene with repeated additions of iodine and nitric acidj the water 
accumulating on account of the decomposition of nitric acid must 
be removed from time to time. 


On iodination with the required quantity of iodine and nitric 
acid, iodobenzene gives ^di-iodobenzene; chlorobenzene gives 
^chloroiodobenzene, and bromobenzene, />-brornoiodobenzene. 
;>-Chloro- and p-bromo-tcluenes give 7 >-chloro- and p-bro mo-benzoic 
acids respectively, the methyl groups being oxidised to carboxyl 
and no entry of iodine taking place. From benzoic acid, m-iodo- 
benzoic acid was obtained, and from o-phthalic acid, 4-iodo-f>- 
phthalic acid. Phenylacetic acid gives p-iodophenylacetic acid 
and cinnamic acid, p-iodocinnamic acid. Salicylic acid yields tri- 
uitrophenol quantitatively, the carboxyl group being detached, and 
complex hydroxy-acids, such as tannin, give a small quantity of 
trinitrophenol; the latter is frequently obtained in traces on 
iodination of the aromatic acids. T. H. P. 


Meta-substituted Aromatic Selenium Compounds. Frank 

Lee Pvman (T., 1919, 115, 166—175). 

Preparation of Monomethylaniline. Percy Faraday 
Frankland, Frederick Challenger, and Noel Aluert Nicholls 
(T., 1919, 116, 198—205). 

Preparation of "Metol" (N-MethyLp-aminophenol Sul- 
phate). Rolla N. Harger (J. Amer. Chem. Soc., 1919, 41, 
270 — 276). — In view of the comparative cheapness of quinol and 
also of methylamine when prepared by the methylation of 
ammonium chloride by means of formaldehyde (compare Werner, 
T., 1917, 111, 844; Jones and Wheatley, A., 1918, i, 527), the 
author has made experiments on the preparation of metol ’’ by 
heating quinol and methvlamine together under pressure. The 
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results obtained show that a lower temperature, and consequently 
a very much lower pressure, and a much shorter period of heating 
than those given in the Merck specifications (A., 1913, i, 1057), are 
the conditions under which the reaction should be carried out; a 
yield of 73% is obtainable. 

^-Methyl-p-aminophenol sulphate begins to char at 245° and 
has m. p. 250 — 260® (decamp.). It crystallises in microscopic, six> 
sided, prismatic needles with roof-like ends. Addition to its solu- 
tion of mercuric acetate solution results in the gradual development 
of an intense purple coloration, which may probably serve for the 
colorimetric estimation of ‘^metol.” T. H. P. 

Action of Nitric Acid on Halogen Derivatives of o- Alkyl- 
phenols. HI. Nitric Acid Derivatives of Chlorinated 
o-Cresols. Th, Zincke and 0. Pbkiss {Annalenj 1918, 417, 
191 — 235. Compare Zincke and Pfaffendorf, A., 1912, i, 964; 
Zincke and Janney, A., 1913, i, 853). — The following new chloro- 
derivativeg of o-cresol have been prepared. 4-Chloro-o-toluidine, by 
chlorination at 0® in glacial acetic and concentrated hydrochloric 
acids yields a hexachloro-\-inethylcyc\ohexene-2-me, C 7 H 40 Clg, stout 
needles or prisms having a strong camphor-like odour, m. p. 105°, 
which is reduced in boiling alcoholic solution by tin alone to 
Z ’A:5-trichloro-ChCTesoly long needles, m. p. 77° {acetyl derivative, 
needles, m. p. 45®) ; if concentrated hydrociloric acid is also present, 
or if the r^uction is effected by stannous chloride, tetrachloro-o- 
cresol is also produced. 3:5: ^-Trichloro-o-cresol, needles, m. p. 62° 
{benzoyl derivative, needles, m. p. 110®), is prepared in a similar 
way from the keto-hexachloride obtained from 6-chloro-o-toluidine 
(Zincke and Pfaffendorf, loc. cit,). 4::5-Dichloro~o-cr€Sol, needles, 
m. p. 101° {benzoyl derivative, needles, m. p. 80 — 81®), is obtained 
by leading the calculated quantity of chlorine into a chloroform 
solution of i-chloro-o-creBol , needles, m. p. 73 — 74® {benzoyl deriv- 
ative, leaflets, m. p. 53 — -54°), which is itself prepared from 4-chloro- 
o-toluidine. 

3 A'.b-Trichloro-o-creBolmtroquinitrolt 

N0,-0-C(0H)<^5=y««>C(Jl, 

colourless, rhombic crystals, m. p. 105 — 106° (deoomp.), obtained by 
adding 3 :4 :5-tricbloro-o-cresol gradually to nitric acid, D 1'48, is 
converted into 3:4: 6-^^ricbloro-p-toluquinone by warm concentrated 
sulphuric acid, and is reduced {a) by stannous chloride, in cold dilute 
hydrochloric solution to 3 : 4 :5-trichloro-o-cresol (a reduction of thts 
kind cannot be effected with the corresponding trihromo-derivative, 
loc, cit.)i (5) in methyl-alcoholic solution at 0® to 4 : Q-dichloro-^-niti'o- 
o-cresol f yellow needles, m. p. 69® {acetyl derivative, rhomboh^ral 
crystals, m. p. 93 — 94°), and (c) in concentrated hydrochloric acid to 
A'.^-dichloro-^-amino-o-cresol, colourless leaflets, m. p. 161° (hydro- 
chloride, leaflets; diacetyl derivative, needles, m. p. 194°; triacetyl 
derivative, leaflets, m. p. 126°), which is also obtained by the reduo- 
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tion of the preceding nitronompound. The constitutions of these 
compounds are determined by the fact that the amino-compound 
can be converted into 4 : B : 6-triohloro-2 : 3-dihydroicytoluene 
By boiUng with tetrachloroethane, 3 :4:5-trichloro-Mre3ol-nitro- 
quinitrol 13 converted into ^:^-dichloro-o-toluquinone %nitmt€ 

N 02 * 0 *C(OH)<\^q — yellow needles, m, p. I 440 (de- 
comp.), which is reduced by stannous chloride to 
dihydroxytoluene, needles, m. p. 107° {diacetyl derivative, needles^ 
m. p. 112°). By chlorination in cold glacial acetic acid ’solution' 
4:5-dichloro-2';3-dihydroxyt»luene yields a keto^hloride, yellow 
prisms, m. p. 86— -89°, which is reduced by stannous chloride to 
4;5:6-trichloro-2:3-dihydroxytoluene. By oxidation with nitric 
acid (D 1-15) 4 : 5-dichloro-2 : 3-dihydroxytoluene yields 4 : 5-dichloro- 
2:Z-toluquinonef dark red needles, m. p, 83° 

By treatment with nitric acid (D 1-48) 3 : 5 : 6 -trichloro-o-cresol 
yields 3:5: S-trickloro-o-cresol-nitroquinitrol, 

no,. 0 'C(Oh)<™!|^^^>cci, 

unstable, colourless crystals, m. p. 91° (decomp.). This differs from 
the 3 : 4 :5-trichloro-isomeride in not being convertible into a di- 
chlorotoluquinone nitrate, but resembles it in being converted into 
the trichlorotoluquinone by concentrated sulphuric acid. By boiling 
its solution in glacial acetic acid until nitrous fumes cease to be 
evolved and then reducing the cold solution with stannous chloride, 

3 :5 : 6 -trichloro-ocresol is regenerated. The nitroquinitrol is 
reduced by stannous chloride and dilute hydrochloric acid to 5 : Q-di- 
ckloro-Z-amino-o-cresol, colourless needles {hydrochloride ^ needles; 
diacetyl derivative, needles, m. p. 204 — 205°), which is converted by 
chlorination in glacial acetic acid into a keto-chloride 3 rielding 
4:5: G'trichloro-2 : 3-dihydroxy toluene. 

3 : ^’Dichloro-o-cresohnitroquinitrol, 

colourless needles, m. p. 109° (decomp.), obtained from 3 : 5 -dichloro- 
o-cresol and nitric acid (D T48) is more stable than the two pre- 
ceding nitroquiuitrols, but it also decomposes slowly by keeping. 
It can be converted into b-chloro-d-nitro-ocresol, yellow needles, 
m. p. 107° {acetyl derivative, colourless needles, m. p. 88 °), 5-chlaro- 
^-amino-ty-cresolj colourless needles, m, p. 107° {hydrochloride, leaf- 
lets; diacetyl derivative, needles, m. p. 196°), 4 :5 : 6-trichloro-2 :3- 
dihydroxytoluene, and b-chloro-o-toluquinone 2-mtrate, 

NOj-O-C( 0 H)<^q^™>CC 1 ,- 

yellow crystals, m. p. 117 — 118°, by the methods described above. 
The last-mentioned compound is reduced by stannous chloride solu- 
tion to b-chloro-2 : Z-dihydroxytoluene, colourless needles, m. p. 89° 
(diacetyl derivative, needles, m. p. 65—66°), by stannous chloride 

A* 2 
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solution and concentrated hydrochloric acid to 5-cWoro-6-ftm?no- 
2 :d-dihydroxy toluene y colourless leaflets, m. p. 150—160° {hydro^ 
chloride, needles; triacetyl derivative, needles, m. p. 183°; tetra- 
acetyl derivative, leafiei^, m, p. 135°), and by stannous chloride 
solution at 0° into h-cUoro-^-miro-'^i^'d.ihydroxytohiene, yellow 
needles and prisms, m. p. 135° {diacetyl derivative, colourless leaf- 
lets, ni. p. 148°). 

By chlorinating 5-chloro-6-amino-2 :3-dihydroxytoluene hydro- 
chloride in suspension in glacial acetic and concentrated hydro- 
chloric acids a yellow keto-chloride is obtained, which by reduction 
in alcoholic solution with stannous chloride yields 5-cA^oro-2:3;6- 
irihydroxy toluene, colourless needles, m. p. 175°; this forms a tri- 
aceiyl derivative, needles, m. p. 95°, and yields b-chloro-%hydroxy^ 
jhtoluguinone, pale red needles, m. p. 160°, by oxidation with nitric 
acid{r) 1-15). 

By treatment with nitric acid (D 1*48) at 0°, 4 : S-dichloro-o-cresol 
yields i\5-dichloro-‘^-nitro-o-cresol-nitroquinitrol, 

colourless needles, m. p. 110° (decomp.), which yields 4 :5-dicliloro- 
o-toluquinone 2-nitrate (above) by boiling in tetrachloroethane solu- 
tion and 4 : 5-dichloro-3-nitr(yo-cresol by reduction with stannous 
chloride in methyl- alcoholic solution at 0°. 

4-Chloro- and 6-chloro-o-cresols, by treatment with nitric acid, 
yield, not nitroquinitrols, but A-chloro-^ i^-dinitro-o-cresol, yellow 
needles, m. p. 146° {acetrjl derivative, colourless needles, m. p. 
109—110°), and B chloi'a-Z-.b-difiitro-o-cresol, yellow needles, m. p, 
82—83° (acetyl derivative, colourless needles, m. p. 95°), resmc- 
tively. °- 

Chlorotrihydroxytolueaes. Th. Zincke and Grete SchCrmasn 
(Annahn, 1918, 417, 236 — 254 ).— 3-GA/oro-6-m7ro-o-cW, colour- 
less needles, m. p. 79° (acetyl derivative, leaflets, m. p. 84°), pre; 
pared by treating 6-nitro-o-cresol in cbioroform solution with the 
calculated quantity of chlorine, is converted by nitric acid (D 1*48} 
at 0° into 3-chloro-b : B-dinitro<^crtsol, stout, faintly yellow needles 
or prisms, m. p. 134° (acetyl derivative, colourless needles, m. p. 
136°), which in alcoholic solution is reduced by stannous chloride 
solution to Z-chloro-5 : &~diamino-o-cresol, colourless needles (^J^- 
acetyl derivative, colourless needles, m. p, 236°), the hydrochlon t 
of which, stout needles, by chlorination in glacial acetic and con- 
centrated hydrochloric acids yields 1 : 3 ; 3 ; 4 : A-pentachloro-^ .o . 

triketo-l-methylcydohexane, CMeCl’s^Q — qq^CC12, yellow plates, 
ni. p. 68°. This keto-chloride is reduced by stannous chloride sriu* 
tioii to 3-chloro-2 :5 : 6-trihydroxy toluene, in. p. 175°, which is i en- 
tical with the substance obtained by Zincke and Preiss i 
3 :5-dichloro-o-cresol-nitroquinitrol (preceding abstract). 

By methods similar to the preceding, the following substa 
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have been prepared starting witl, 4-nitro-o-cresol ; S-chloro-Mro- 
o-cresot, faintly yellow needles or leaflets, in. p. 74° (oceloZ deriv 
ative, colourless needles or leaflets, m. p. 59°); Z-chlorli 
ocrescl faintly yellow needles, m. p. 139° (aoetyZ derivative, eolour- 
less needles, m. p. 167 ); S-chloro-i:5-dtamtno-o-cresol, colourless 
needles (hijdrocMoride, colourless needles, triacetyl derivative 
needlBS, m. p. 230 , ozine from plienanthranuiuone CmH ON' 01* 
brownish-yellow leaflets m. p. 273°); l%:3:6’:aS 
‘l-A-.i-tnkf.to-l-methyhydohexane, CjEsO^Cls, pale yellow plates 
and prisms, m, p. 78°; and 3 :6v7icAZorl| ; 4 : 5 
colourlea needles, m. p. 155° {triacetyl derivative, needles ni p’ 
151°). The last substance is oxidised by nitric acid {D M5) fol 
lowed by acid, 11 1-4, to 3 : 6v7ic«oro-4-Vro^y.p.(oZ„p, 
needles, m. p. 157®. ’ 

An alkaline solution of 3-cliIoro-4 : 5-diamino-o-cresol is oxidised 
by air to 3-cA/oro-4-«me/io-p-^o/wyi<i:«o/fe-5-2wi(/e, C^HyONcCl. red 
needles, m. p, 175—177° (decomp. ; blackening at about 160°) which 
exhibits basic properties. 3-Cliloro4 : h-diamino-oncresol hydro- 
chloride IS oxidised by A-ferric chloride solution to ^-cUoro^^amimi^ 
\ytoluquinoney dark red needles, m. p. about 142°, which is reduced 
by stannous chloride to 3-cWon;4-«mi»o-2 
colourless needles {Jiydrochlondt^ leaflets; iriacttyl derivative’ 
needles, m. p. 185°). q g ' 


Organic Chemical Reagents. III. ^-Phenylhydroxyl- 
amine and “ Cupierron ” (Ammonium Salt of Nitroso- 
phenylhydroxylamine). C. S. Marvel and Oliver Kamm 

{/. Amer. Chevi. Soc., 1919, 41, 276—282. Compare A., 1918, 
i, 482; this vol., i, 61). — The statement made by various authors 
that ^phenylhydroxylamine is obtainable in theoretical yield by 
the reduction of nitrobenzene by means of zinc dust is inaccurate. 
Ihrections are now given for the reduction of nitrobenzene in por- 
tions of 500 grams, a yield of the dry product amounting to 64% 
of the theoretical being obtainable. 

For the preparation of “ cupferron,” dry jS-phenylliydroxylamine 
IS not required, and tlie conditions are given under which the moist 
prwliict is treated in ethereal solution with ammonia and amyl 
nitrite so as to obtain ‘'cupferron'* in a yield 80—90% of that 
theoretically possible. Even with the present high prices of mate- 
rials and labour, " cupferron ” may be made in the laboratory, 
where the labour charge is an abnormally high proportion of the 
total expenses, at a cost considerably less than the pre-war price of 
the product. [See ,/. Soe. Chem. hid., 1919, April,] T. H. P. 


The Identification of Acids. IV. Pheuacyl Esters. 

B. Rather and E. Emmet Reid (J. Amer. Chem. ^oc., 1919, 41, 
^5— 83). — In previous communications (A., 1917, i, 334, 559) the 
use of p-nitrobenzyl bromide for the identification of organic acids 
% the melting points of their p-nitrohenzyl esters was described. It 
now shown that phenacyl bromide (w-bromoacetophenone) may 
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be employed in a precisely similar manner and that in some cases 
tiie phenacyl esters of the acid are still more definitely character- 
istic than the p-nitrobenzyl esters. Phenacyl bromide is prepared 
by bromination of acetophenone in glacial acetic acid solution. The 
acid is neutralised with rather less than the theoretical quantity of 
sodium carbonate, and, working with 0*05 gram-mol. of the 
reagents, this quantity is dissolved in 5 c.c. of water, 1 gram of 
phenacyl bromide is added and then 10 c.c. of 95 per cent, alcohol. 
The ester is obtained after boiling for one hour with monobasic, two 
hours with dibasic, and three hours with tri basic acids. It jg 
recrystallised from dilute alcohol until the melting point is con- 
stant. The following phenacyl esters have been characterised: 
acetate, m. p. 40®; aconitate, m. p. 90®; o-a^inohenzoatt, m. p. 
181 — 182®; benzoate, m. p. 118*5°; ^hromobemoate, m. p. 87°^ 
cinnamatty m. p. 140’5®; citmconate, m. p. 108*5®; citrate^ m. p. 
104®; m-cresotate, m. p. 116*5®; o-cresotate, m. p. 138*5°; p-crcs- 
otate, m. p. 145*5°; fumarate, m. p. 197*5®; glutarait, m. p. 
104*5°; itaconatSy m. p. 79*5°; lactate^ m. p. 96°; malate, m. p. 
106°; maleatty m. p. 119°; ip-nitrohenzoatey m. p. 128*4°; palmitate^ 
m. p. 52*5°; pgrotartrate, m. p. 101*5°; saccharate, m. p. 120®; 
salicylate, m. p. 110°; stearate, m. p. 64°; succinate, m. p. 148®; 
tartrate, m. p. 130®. J. F. B. 

Pschorr’s Phenanthrene Synthesis. II. Fritz Mayer and 
Frank Albert English {Annalen, 1918, 417, 60 — 92. Compare 
Mayer and Bali©, A., 1914, i, 536).— As the result of the experi- 
ments here recorded, it appears impossible to synthesise 8-, 5-, or 
T-ethylphenanthrene by any of the methods at present known. 

Q-Ethylhenzyl alcohol, C 6 H 4 Et‘CH 3 -OH, b. p. 229®, obtained by 
the electrolytic reduction of o-ethylbenzoic acid at a lead cathode 
in dilute sulphuric acid solution, is converted by cold saturated 
hydrobromic acid into o-ethylhenzyl bromide , colourless crystals, 
m. p. 34®, b. p. 225®/751 mm. The latter is converted by alcoholic 
sodium cyanide into o-ethylphenylacetonitrile, CgH^Et'CHg-Cb, 
b. p. 257—2580/752 mm., which is hydrolysed by heating with 
35% potassium hydroxide solution (2 mols.) and 30% hydr(^en 
peroxide (3 mols.), yielding crethylphenylacetic acid, m. p. 83*5® 
{ethyl ester, a colourless, odourless oil). Attempts to reduce this 
acid to o-ethylbcnmldthyde, a colourless, odourless liquid, b. p. 
210®/ 753 mm., by the methods of Mettler and Piria gave unsucce^- 
ful or unsatisfactory results, but the aldehyde is obtained in 67^ 
yield by oxidising o-ethylbenzyl alcohol with potassium dichrom^ate 
and 10% sulphuric acid, and in 33*6% yield hy heating O'ethyl- 
benzyl bromide with hexamethylenetetramine in 60% alcoholic 
solution. Further experiments were undertaken to ascertain the 
influence of negative substituents in the benzene nucleus on e 
Sommelet reaction. o-Nitrobenzyl chloride and hexamethy enj 
tetramine, boiled in 60% alcoholic solution for four 
in addition to a small quantity of a substance, ^ * P' 

153*5°, a substance, m. p. 112°, which is regarded as fn-o-m 
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ieniyltrimethyknctriamine, NX<®2‘^|>CH2 [where X is 

N 02 *CgH 4 ‘Cil 2 ], since its molecular weight corresponds with this 
formula, and it yields formaldehyde and o-nitrobenzylamine hydro- 
chloride by hydrolysis with boiling concentrated hydrochloric acid, 
lu a similar manner, 7 ^nit^obenzyl chloride and hexamethylene- 
tetramine yield m. p. 161°, 

whilst 0 - and ;?-chlorohenzyl chlorides yield o- and ?>chlorobenz- 
aldehydea respectively. 

The attempt to condense o-ethylbenzaldehyde and sodium 
o-nitrophenylacetate by means of acetic anhydride and zinc 
chloride at 1 20 ° in an atmosphere of carton dioxide yielded a very 
small quantity of a substance, C 9 H 9 O 3 N, colourless crystals, m. p. 
183.‘5°. A similar attempt to condense o-nitrobenzaldehyde and 
potassium o-ethylphenylacetate for two days at 100 ° yielded 
^-o-nitrophenyl-a-o-ethylphenylacrylic acid, 

N 02 -CeH 4 -CH:C(CeH 4 Et)-C 03 H, 

m. p. 194°. By reduction with ferrous sulphate and aqueous 
ammonia, it yields the corresponding OTnmo-acid, colourless 
crystals, m. p. 178 — 179°, but the attempt to convert this into 
8 -ethylphenanthrenecarhoxylic* acid by shaking its diazotised solu- 
tion with copper powder or by boiling with water yielded in the 
first case a non-crystallisable product, and in the second case 
^-o-hydroxyphenyl^L-o-etkylphen-yJacrylic acid, Ci 7 H 4 < 303 , m. p. 


205°. 

The starting material in the attempt to synthesise 5- or 7-ethyI- 
phenanthrene is acetophenone, which by successive nitration and 
reduction yields 7 ?i-aminoacetophenone. The latter is converted 
by hydrazine hydrate at 160° into a mixture of the azine, 
CigHigNi, m. p. 147°, and the hydrazone, CgH^N^. m. p. 98°, ■ 
which is reduced by Wolff’s sodium ethoxide method at 160° to 
m-ethyl aniline ; Staudinger and Kupfer’s method of reduction with 
hydrazine hydrate at 210 °, however, gives a greatly improved 
yield. m-Ethylaniline is converted by Sandmeyer’s method into 
. m-ethylhemonitrih, C^^H^Et'CN, b. p. 116 11 7°/ 25 mm. This 
is hydrolysed to w-ebhylbenzoic acid, from which, by methods 
similar to those used in the ortho-series above, are obtained in 
succession m-ethylhenzyl alcohol, b- .P- 
benzyl bromide, m-ethylphenylacetomtnle, 

250— 254°/761 mm., m-ethylvbemjlacetic aad, m. p. 62— b4 , ana 
m-ethylhenzaldehyde, b. p. 212°. , v j 

Potassium m-e%lphenylac6tate and o-nitrobenwldehyde, con- 
densed together by means of zinc chloride and acetic anhydride y 
120 ° in an atmosphere of carbon dioxide, yield 
a-m-elhylphenylacryifc add, m. p. 138 . T 15 _ is r uc y 
ferrous sulphate and ammonia to the ammo-acid, “• P_ 
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probably 5-eihy!phenanthren6-9-carboxylic acid. Attempts to con- 
vert the latter into ethylphenanthrene by heating under ordinary 
or reduced pressure were unsucc^sful. C. S. 

Hydroxy-carbonyl Compounds. I. New Synthesis oj 
Hydroxy-aldehydes. P. Kahrbr {Belv. Chim. Acta ^ 1919, 2 
8^—94). — A rapid current of hydrogen chloride is passed for 
several hours into dry ether containing resorcinol, cyanogen 
bromide, and anhydrous zinc chloride. The crystals of the inter- 
mediate product, which contains chlorine, but not bromine, are 
collected and dissolved in cold water, and the solution, after being 
washed with ether, is boiled for twenty minutes. The 2 : 4-dihydr- 
oxybenzaldehyde, which is thus produced in good yield, is ex- 
tracted with ether. It appears to be formed by the reactions: 
(i) CBrN + HCl = CHBrlNCl j (ii) CHBrlNCl + CaH 4 (OH )2 ^ 
C«H3(0H)2-CH:NC1 + HBr; (iii) CeH 3 (OH) 2 -CH:NCl 
C3H3(0H)3-CH0. 

Phloroglucinol reacts in a similar manner. C. S. 

Phenols Insoluble in Alkali Hydroxides. Kogkr Adams 
(y. Amer. Chem. Soc., 1919, 41, 247- — 270). — Investigation has 
been made of the phenylhydrazones of the o-hydroxyaidehydes and 
ketones in order to determine the structure characteristic of such 
compounds of this type as are insoluble in alkali hydroxides. The 
results show that the introduction of a methyl group, or, in general, 
of a group containing carbon, into either the phenolic ring or the 
side-chain of one of these phenylhydrazones is accompanied by 
marked depression of the solubility of the compound in 10% aqueous 
sodium hydroxide. A bromine atom produces a less effect, which 
is the more noticeable with substitution in the side-chain. When 
a nitro-group is introduced into the phenolic ring in the ortho- or 
para-position to the hydroxyl group, the solubility in alkali is 
increased, and a nitro-group in the para-position in the phenyl- 
hydrazone residue has the same effect. This result is regarded as 
due to the possibility of the rearrangement of nitrophenols and of 
/^nitrophenylhydrazones to aci-nitro- com pounds, which are readily 
soluble in alkali. Where there is no tendency to form aci -nitro- 
compounds, as with the m- and o-nitrophenylhydrazoues, the nitro- 
group has the same effect as other groups and increases the in- 
solubility in alkali hydroxides. No compound with a nitro-group 
in the meta-position to the hydroxyl was prepared, but such a 
compound should show diminished solubility in alkali. Comparison 
of the phenylhydrazones of y?- homos alicyl aldehyde and paeonol with 
the corresponding hydrazones, the former being insoluble and the 
latter soluble in alkali hydroxides, shows that a large group like 
phenyl in the hydrazone residue is absolutely necessary for the 
compound to show insolubility in alkali. The marked effect of a 
methyl or phenyl group attached to the carbon atom carrying the 
phenylhydrazone residue, as compared with a hydrogen atom, is 
shown by the perfect solubility of the azines of ;p-homo8alicyl- 
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aldehyde and ^-naphthaldehyde in cold alkali hydroxide solution and 
tlie insolubility of the azines of p»ouol and 2-hydroxy.5 -methyl 
benzophenone^ m boiUng alkali. Finally, a substituent group 
attached to the immic nitrogen has a decided effect in reducing 
the solubility in alkali hydroxides. reauciiig 

The various explanations which have been advanced to account 
for the insolubility of these phenolic compounds in alkali hydr- 
oxide solution are discussed and shown to be unsatisfactory and 
the author regards this behaviour as due to the fact that such 
compounds are very weak acids and highly insoluble in water. Any 
insoluble, slightly hydrolysed acid would, be expected to behave 
similarly, and the introduction into its molecule of a positive or 
negative atom or group will have a result determined by two dis- 
tinct- effects : first, the insolubility in water due to the increased 
size of the whole molecule, this leading to increased insolubility in 
alkali hydroxide, and, secondly, an increase or a decrease in the 
acidity of the whole molecule, depending on the nature and posi- 
tion of the group introduced. 

Paeonol phenylhydrazone is soluble in hob alkali solution; the 
hydratone^ CjHiaOgNg, white plates, quickly turning yellow on 
exposure, m. p. 73—75°, dissolves in cold alkali hydroxide; the 
azine, CJ8H20O4N2, lemon-yellow crystals, m. p. 226—227°, is in- 
soluble in boiling alkali hydroxide; the 2-A:^-tnbromopheni/l- 
hydrazone, CisHjgOgNaBrg, white needles, m. p. 162°, is insoluble 
in boiling alkali hydroxide. 

Bromopaeonol, CgH^OgBr, has m. p. 169° (Briill and Friedlander, 
A., 1897, i, 221, gave 171°); its phenylhydrazone, C]_;;Hj502N2Br, 
slender, yellow needles, m. p. 172’5— 173‘5° its \i-hroviophenyl- 
hydrazone^ dull yellow, monoclinic plates, m. p. 189' 5°, and its 
2-A:^-tnhrom-ophenylhydrazme, white needles, m. p. 169—171°, 
are insoluble in boiling alkali hydroxide. Its methyl ether, 
Cj^H^jOgBr, forms white needles, m. p. 139—140°; neither this 
methyl ether nor that of paeonol itself yields a phenylhydrazone in 
the ordinary way. 

. (n-Trihromohromopaeonol, OH‘C<.H2Br(OMe)*CO*CBr3, forms 
lemon-yellow needles, m. p. 123 — 124°. Bromonitropaeond, 
CgHgOsNBr, 

forms long, hairy needles, m. p. 112 — 114°; its phenylhydrazone^ 
Cli.‘iH2404N3Br, forms saffron-coloured crystals, m. p. 204*5— 205*5°, 
and dissolves gradually in cold, readily in warm alkali. "NHi'n- 
paeonol, CqHgOsN, forms white needles, m. p, 155°; its jdievylhydr- 
nzone, C^5 Hj^ 04N3, orange needles, m. p. 215*5—216*5°, is soluble 
slightly in cold, readily in warm alkali hydroxide; its methyl ether, 
forms slender, white needles, m. p. 131°, gradually turn- 
ing yellowish-red. A minnpaeonol, CoHjiG^N, forms greenish-yellow, 
monoclinic prisms, m. p, 112 — 113°; its p(aiinkhlor}de was pre- 
pared and analysed, 

Bimfroacetylresacetophenone, CftHAc(0H)(0Ac)(N02)2, forms 
'^hite plates, m p. 121 — 122°. Dinit ror e meet ophe none, 
CbHAc{0H)2{N02)2, 
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forms pal© yellow crystals resembling fine sand, m, p, 166^ic,5 

and its phenylkydrazonCf Ci4Hi20gN4, reddisb-brown crvstai 
darkening at 238° and decomposing at 242*6°. Acetyl^ 
resacetophenmej C^E^Ac(OB.)2’'NBACf forms white needles, 
254° Nitroresodiaectophenonej €!5HAc^(0H}2*^02, forms' wiiJ 
needles, m. p. 231°; its phefiylhydrmonef pal^ 

powder, darkening at 220° and decomposing sharply at 235^ ^ 
soluble in cold alkali hydroxide ; its di'phenylhydTazoney ’ 
N02'C6H(0H)2{CM6:N2HPh)2, 

massive, lemon-yellow needles, becoming orange-red and decoa 
posing at 273°, dissolves slightly in cold and readily in warm alkal 
hydroxide. 

Br(m(/resodia€eto'p‘'ke'n)one, CioH904Br, forms white plates, m n 
205°. 

Salicylaldehyde o-tolylhydrazone dissolves in alkali hydroxide 
only in the hot; the 2:4: Q-tribromophenylhydrazone^ white need!® 
m, p. 100°, dissolves gradually, with decomposition, in boiling alkali 
hydroxide. 

Di-b-ni tTosctlicylide n e htnzid/ine , 

[C„H,(0H)(N02)-CHiN2(CeH,)2. 
forms red crystals not melting below 275° and dissolves partly h 
boiling alkali hydroxide. Di-Z-nitrosaUq/Udenehemidim form 
bright red crystals not melting below 275°, and is somewhat nion 
soluble in boiling alkali hydroxide than the 5-isomeride. 

p-Homosalicylaldehydcphenylhydrazone is soluble in hot alkali 
hydroxide; the hydrazon'e^ CgHigONg, white powder, m. p. 72—74° 
dissolves in cold alkali hydroxide. 

Brcmfio-^Jiomosalicylaldehyde, CgHyO^Br, forms yellow crystals 
shrinking at63°, m, p. 65°, and its phenylhydrazont^ Ci4H|50N2Br, 
dirty yellow crystals, m. p, 140—141°, soluble in hot alkali hydr- 
oxide. 

5 - M etJiyl'2-hydroxy}) enzophenoneazine, [CgH3Me(OH)*CPh]2N;, 
forms lemon-yellow crystals, m. p. 259 — 260°, and is insoluble in 
boiling sodium hydroxide solution. T. H. P. 

Pinacolm Transformations. IV. Ring Changes pre 
duced by the Elimination of Water from Alicyclic Alcohols. 

Hans Meerwein {Annalen, 1918, 417 , 255 — 277. Compare A., 
1914, i, 850). — In connexion with the previous investigation {Ion. 
cit.), 1-methyl-l -a-hy droxy ethyl c^c^opentane has been synthesised 
and also submitted to the dehydrating action of zinc chloride, and 
the constitution Oi the resulting hydrocarbon has been determined; 
it is 1 :2-dimetliyl-A^-cyc/ohexene, and the reaction is one of tie 
smoothest changes known of a e^^cZopentane into a cyc7ohexaiie 
derivative. 

[With Cl. Fleischhauer.] — The reaction between magnesium 
and 1-chloro-l -methyl cyc^opentane in ether at 5 — 10°, preferably 
in the absence of air, and treatment of the product with carbon 
dioxide and subsequently with ice-water and dilute sulphuric aflo, 
lead to the formation of 1 -methyl cyclopentane-1 -carboxylic acid, 
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the acid diloride of which reacts with magnesium methyl iodide in 
ether at -15*=^ to fcMin, after the usual treatment, l-me<Ay?-l-cyclo- 
methyl hetone, CgHgMe-'COMe, b. p. 48-4°/ 10 mm., in good 
yield, the semicarbazone of which forms colourless needles, m. p. 
143—144®. By reduction with sodium and moist ether, the ketone 
yields l^-methyl’l-a-hydroxyethylcjdoyentane, CjHgMe-CHMe-OH, 
b, p, ^T-G^/IO'S mm., together with the corresponding pinacontf 
CigHgoOg, colourless prisms, m. p. 89—90®, the former of which 
yields only 1 : 2-dimethyl-Ai-cyc?ohexen6 bv heating with zinc 
chloride at 180—190®. 

The acid chloride of 1 :2 :2:3-tetramethylcyc?opeutane-l-carb- 
oxylio acid reacts with zinc methyl or, better, magnesium methyl 
iodide in ether to form, ultimately, l:2:2:3-teiram«tfty/4-cyclo- 
pentyl methyl ketone, C 11 H 20 O, b. p. 101 — 102®/ 18 mm. 
azone, m. p. 232®), which is reduced by sodium and moist ether 
to 1:2:2: Z’tetramethyl-l-orkydroxyethylcydopentane, 
b. p. 108 — 109®/15 mm. The alcohol appears to be a mixture of 
two stereoisomeric forms, since it partly solidifies, the solid form 
having m. p. 70 — 71®, Df ® 0-9113 (supercooled), T46322. By 
heating with zinc chloride, the alcohol yields a mixture of 
l:2:3:3:4-pentamethyl-A^-cycfohexene (chief product) and 1:2:2- 
trimethyl-3-Mopropyl-A3-cycfopentene, the constitutions of which are 
deduced from the nature of the products of the decomposition of 
the ozonides. C. 13. 


we^oNaphthadianthrones . Alfred Eckert and Rudolf 
Tomas CHEK [Monatsh,, 1918, 39, 839 — 864). — The authoi;3 have 
endeavoured to synthesise derivatives of mc-sonaphthadian throne in 
a manner which leaves no doubt as to their constitution. For this 
purpose the method of Scholl, Mansfield, and Potschiwauscheg (A., 
1910, i, 494) as modified by TJIlmann and Minajeff (A., 1912, 
i, 366) has been applied to certain oo'-dichloroanthraquinones ; of 
these only the 1 : 4-derivative reacts with copper powder, the 1:6- 
and l:8-dichloro- and the 1 :4:5 iS-tetrachloroproducts remaining 
unattached. The procedure of Meyer, Bondy, and Eckert (A., 1^1^ > 
i, 62) is not applicable to halogenated anthraquinones, since the 
halogen is partly eliminated during reduction with zinc and alkali. 
A more successful process consists in converting the anthranols into 
the corresponding dihydrodianthrones, enolisation of tl^ la er 
(enolisation by alkali occurs less readily with derivatives than with 
the parent substance and the products are considerably I^s stable), 
and oxidation of the material so formed to the dianthrone; the 
latter is converted into the corresponding on aphthadian throne 
when exposed to light. In cases in which formation of the mMO- 
naphthalene ring cannot occur by simple elimination of hydro^n, 
a peculiar phenomenon is observed; when dissolved m nik<^ 
benzene or xylene, the substance is unchanged after protracted 
illumination, whilst in concentrated sulphimc acid solution elimina- 
tion of two atoms of hydrogen and two of chlonne slowly occurs. 
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4 : M-‘Dich}ofo-\ r V -diauthraquinonyly 

pale yellow crystals, is reduced by copper powder and concentrated 
sulphuric acid to i-A^-dicUorom^mhenzdianthrone^ yellowish-browu 
ne^les, which under the action of light pass into 4 ; 4^-«^’cA/oromeso- 

naphthadianthronei small, yellow 

needles, 

l(or 4)-CA^oroa«t^ro??e, yellow needles, m, p. 106°, obtained tv 
the reduction of 1-cIiloroanthraquinone by aluminium bronze aud 
sulphuric acid, is oxidised by ferric chloride to 4 :A!-diehlorodihydTo. 
dmnthroney colourless crystals which darken without melting at 
270° Tlie enolic form of this substance is an unstable, green 
powder, which is readily converted by persulphate into 4:4^-di- 
chlorodianthronc, greenish-yellow crystals, from which 4 :4^-dicbloro- 
wzfi^onaphthadianthrone is obtained by exposure to light. 

1 -A-Dichloroan throne, yellow needles, m. p. 136—138°, 1 :4:F:4^ 
tetrachlorodihydrodianthrone, colourless crystals, m. p. 250° 
(decomp.), and IA:V A^-tetracJdorodianthrone, yellow plates, are 
prepared by a similar series of reactions; the latter substance loses 
two atoms of hydrogen and two of chlorine when its solution in con- 
centrated sulphuric acid is exposed to light, but the product 
obtained did not give sharp analytical results. 

1 : 5-Dichloroan throne yields I A :V A^-tetra chlorodihydrodm- 
throne y colourless crystals, and 1 : 5 : : 5'(or 4 : ^^ytetrachlorodkn- 
ihrone, yellow platelets; the corresponding me^onaphthadianthrone 
could not be obtained in the pure state. Similarly, 1 iS-dichloro- 
anthrone, yellow needles, m. p. 115°, i'A A^ A^-teiracUorodihydro^ 
dianthrone, colourless crystals which remain unchanged up to 280°, 
4 : 5 : 4^ : 5' - tetracMorodimthrone, pale yellow crystals, and 
4 :5 ;4^ :5'-tetrachloroMmnaphthadianthrone, small, yellow needles, 
were prepared. 

SA'-Dihromomesobenzdianthrone forms a reddish-yellow, crystal- ’ 
line pM>wder which is converted by light into 3 : 3^-«?«6romoineso 
naphthadian throne, pale yellow powder. 

Starting from 1 ; S-dichloroanthraquinone (Meyer and Zahn, A., 
1913, i, 455), the constitution of which is now dehnitely established 
by its conversion into 1 : 3>dipbenoxyanthraquinone (Ullmann and 
Eiser, A., 1916, i, 823), the following series of substances is ob 
tained: 3 ; V-dichloro~\ : V -dianthraqiiinonyl, greenish-yellow 
needles, ^:V-dic}ilorome^henzdianthrone, yellowish-brown needles, 
and Z A'-dichloromt^onaphthadianthrone, small, yellow needles. 
Attempts to prepare the substance last named from 2-chIoroanthra- 
quinone led to a different product through the following stages: 
2'Chloroan throne, yellow ne^Ies, m. p. 115 — 120°, which are readily 
oxidised; ^A^iZA^ydicMorodihydrodianthrone, silvery, crystalline 
powder, m. p. 240° (decomp.) ; Z:Z’(Z: 2 >ydichlorodianthrand, 
greenish-yellow, crystalline powder; dichJorodianthrone, yellow, 
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crystalline powder in which the jxisition of the cldorine atoms is 

nob decided; and {^'.b'ydichloroniesonaphthadianthrotie, small 
yellow needles. * 

Constitutions of the Fenchene Hydrocarbons Waltkr 
QviST {Anmden, 1918, 417 , 278-324).-The author has examined 
the fenchenes obtained by different methods and having b. p.’s below 
150°. He shows that Aschan was right in stating that j8-pinoleue 
(cyc/ofenchene) occurs in the fenchene fraction, b. p. below 150° 
obtained from fenchyl chloride. Kondakov and Lutschinin’s hydro- 
carbon (A., 1907, i, 713) is not Apinolene, but is identical with 
the author’s fenchyl ene. 

When 71?-fenc1iyl alcohol is heated with aluminium phosphate at 
210° or with potassium hydrogen sulphate at 200°, the hydrocar- 
bons obtained contained ^-jS-fenchene and a little ?-a-fenchene in 
the fraction of high b. p, (152—155°) and ^-cyc/ofenchene and 
j'-wfenchylene in the fractions, b. p. 141—143° and 143—145°. 
<i-cyc2oFenchene is also obtained by heating /)?-fenchyl xanthate at 
230°, ?-a-fenchene also being produced. Since both these hydro- 
carbons yield the same hydrochloride, which yields ^a-fenchene by 
beating with o-toluidiue, the xanthate method is an excellent means 
of preparing pure Z-o-fencliene. 

Very pure cf-/3-fenchene {dibromide, CjoHj^.Brj, crystals, m. p. 
81—82°, [ajo® — 3I'2° in ethyl acetate) is obtained by lieating 
/-wofenchyl chloride with o-toluidine. By the xanthate methotl 
/-?^ofenchyl alcohol yields Z-z.?ofenchylene. 

^-Pinolene yields two dibromides, namely, ^ and f-a-fenchene 
dibromides. This proves that Aschan’s j8-pinolene and the author's 
tricyclic hydrocarbon obtained from /^/-fenchyl alcohol are identi- 
cal, with the difference, however, that the latter is feebly dextro- 
rotatory d~ci/clohnchen& whilst the former is a mixture of l-cyclo- 
fenchene and dl-cydotmch&Jit. 

The reduction of c?-a-fenchene dibromide by zinc dust and 75% 
alcohol at 55° yields fenchane and ?-a-fenchene. As these two hydro- 
carbons contain different skeletons, no conclusions can be drawn as 
to the constitution of the a-fenchene dibromide. C. S. 

Phenylurethanes of Terpene Alcohols and Phenols . 

F. Weehuizen {Pharm. Weekblad, 1919, 66, 299— -^01).— The ter- 
pene alcohol or phenol is dissolved in petroleum (distilling between 
170° and 200°). The requisite quantity of phenylcarbimide is 
added and the solution boiled. On cooling, the phenylurethane 
crystallises out in quantitative yield and is recrystallised from 
benzene (80 — 100°). The phenylurethanes of the following sub- 
stances were prepared: o-, w-, p-cresol (ra. p. 141°, 121 — 122°, 
111 — 112° respectively), thymol (m. p. 106 — 107°), menthol (m. p. 
Ill — 112°), borneol (m. p. 137 — 138°), eugenol (m. p. 95°). 

The method may be used for the separation of camphor and 
borneol. The former is unacted on and remains in solution; the 
latter separates out as bornylpheuyl urethane. W. S. M. 
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Constitaents of Resins. IV. j8-Da n ii n a r >resin . Alois 
ZiKkb and Ebna Unterkrbutbr {MonaUK^ 1918, 39, 865—869).— 
Analyses and determinations of molecular weight show the hydro- 
carbon portion of )3-dammar-resin (compare Bulk, pr. OAcm., 

1848, 46, 16; Tschirch and Glimmann, A., 1896, i, 164) to have the 
composition C 8 oH 48 ; it melts indefinitely at 195° after softening 
from 165°, and possibly represents a mixture of^ hydro<^bon8. 
Attempts have been made to pepare derivatives of it by oxidation, 
action of nitrous acid, and action of ethereal hydrogen chloride, hut 
definite products have not been isolated. H. W. 

Biochemical Synthesis, by means of Emulsin, of 
a-Naphthylcarbmyl-/3-glucoside. Em. Bouequelot and M. 
Bridbl (CoTnpt. 1919, 168, 323 — 324). W^hen emulsin acts 
on an acetone solution of dextrose and o-naphthylcarbinol, 
a-naphthylcarhinyl-^glucosidey long needles, m. p. 156—157° 
(corr.), [a]j, -71-02° is obtained, which is readily hydrolysed by 
emulsin or by dilute sulphuric acid. W. G. 


Anthocyanins : Colour Variation in Anthocyanins. Kbita 
Shibata, Yuji Shibata, and Itizo Kasiwagi (/. Amer. Ghem. Soc., 
1919, 41, 208—220). — For the reduction of compounds of the 
flavone and flavanol series, organic acids may be used in conjunc- 
tion with zinc or magnesium in place of inorganic acids. With 
monobasic acids deep green to bluish-green pigments are mostly 
obtained, the tints varying slightly according to the reagents em- 
ployed. Some of these pigments were isolated and their properties 
examined. 

When reduced with magnesium and glacial acetic acid, myricetin 
gives green compounds of the composition 

Ci5HiiOg*Mg*OAc,[Mg{OAc)2]„, 

n being 2 or 4 ; the myricetin (I) gives first a phenopyrylium ring 
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(II), the (Mrgano-metallic compound (HI) then resulting by elimina* 
tion of acetic amd from the ring. 

As the acetates of the Hvalent metals often tend to form complex 
compounds, it was to be expected that addition of magnesium 
acetate would take place, giving : 


Mg’OAc 
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OH 


/ 




OH 


^/\/\ 

1 I OH 

OH OH 
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OH 


[Mg(OAc)J„ or 
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according to Werner's co-ordination theory. 

Similarly, myricitrin, a rhamnoside of myricetin, gives with tlie 
same reagents a deep blue product co-ordinated with four molecules 
of magnesium acetate. 

The above green or blue pigments are soluble in water as well as 
in alcohol, giving neutral solutions with the same colours, but the 
addition of dilute acid (hydrochloric) to the solutions changes the 
colour to red, the ‘Mg’OAc group of the green pigment (III) being 
replaced by a chlorine atom in the red oxonium salt. This explains 
why Willstatter and others have always obtained red pigments hy 
reduction of the yellow pigments. Even with inorganic acids green 
or blue pigments are formed under certain conditions, treatment of 
myricetin with alcoholic hydrochloric acid yielding a deep green 
pigment in the molecule of which the position of the Mg*OAc group 
(III) is occupied by ‘MgCl; here addition of magnesium chloride 
does not take place, probably because of its smaller tendency to form 
complex salts. The compound dissolves in water and alcohol, giving 
neutral solutions of the original colour. 

That all the above compounds have deep colours or, in other 
words, that their absorption bands are displaced far towards the 
red end of the spectrum, is attributed on the one hand to the fact 
that the phenylpyrylium ring of the green or blue pigments has 
one more hydroxyl group than that of the oxonium salts, and on 
the other to the fact that magnesium forms the complexes with its 
auxiliary valence, which together play the role of bathochromism. 
In the case of the reduced glu coside, flavanol, one of the hydroxyl 
groups ia replaced hy a sugar molecule, which shifts the absorption 
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band hypeochroraafcically, that is, towards the violet end of tie 
spectrum. 

From these results and those of experiraenta on the pigments of 
many flowers, the following explanation of the various flower colours 
is based. The metal organic or complex compounds of reduced 
flavanol glucosides (annexed formula) are the most important factor 
in the production of flower colours. The " blue ” anthocyaning are 
the complex compounds of reduced flavanol glucosides, which 
possess several hydroxyl groups belonging to the flavanol nucleus 
besides those of sugar molecules, and the metal with which they are 


(Sugar) 


MX 

I I II %=/ [MXJ„ 
\/'^/\ 

OH 


C0“0rdinated is probably calcium or magnesium, as salts of these 
metals are always present in the plant cells. The “violet” 
“ viol es cent red/’ or “ red “ pigments are either the analogous 
metallic complex compounds of flavanol glucosides, which contain 
fewer of the auxochrome hydroxyl groups, or a mixture of the blue 
pigments and their products of decomposition by excess of acids, 
that is, Wills tatter's red oxonium salts. 

This theory is confirmed by the behaviour of the natural antlio- 
cyanin solutions towards the salts of alkaline earth and heavy 
metals, addition of the latter to alcoholic extracts of various flowers 
always acting bathochromatically. 

Experimental details are given. T. H. P. 


A New Yellow Dye and Liglit''[Filters made from It. 

C. E. K. Mees and H. T. Clarke [Brit, J, Photo. ^ 1919, 68 , 48).-- 
The new dye is the gliicosazorie formed by the condensation of dex- 
trose with p-hydrazinobenzoic acid, it gives & very soluble mdhm 
salt. W. G. 


Composition of Pyrocresoles and their Relationship to 
Coal Tar Constituents. Friedrich Ruszig {Zeitsck angew. 
Chem.j 1919, 32, [i], 37 — 40). — The so-called isomeric pyrocresoles, 
isolated by Schwarz (A., 1883, 204; 1884, 79) from the residue of the 
distillation of crude '^enol, have the same composition, 
and properties as the compounds prepared by Gladstone and Tribe 
(T., 1889, 66 , 51) by the decomposition of the aluminium 07 , m-, 
and p-tolyl oxides. They have been identified as dimethylxayitheu, 
whilst the homologous compound, Cj 3 HjoO, is xanthen, produced by 
the decomposition of aluminium phenoxide in accordance v*th the 
equation 2 AH 0 -C,H 5 )j=(CtH,)j 0 + C, 3 H ,„0 + C^Hs-OH +ICH,+ 
C 4 + AlgOg. From aluminium ??i-tolyloxide, two isomeric tMcieuiyl- 
xanthens, corresponding with Schwarz’s a- and l 3 -pyrocresoles, were 
prepared, but the third isomeric modification was noil foUDd. 
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Aluminium ^^tolyloxide yielded symmetrical p^dimethylxantheii 
(m. p. 168*^), whilst from alumiuium o-tolyloxide the 4 u-di- 
methylxantlien was obteined. The liquids of high boiling point 
which separate at the end of the distillation of aluminium phen- 
oxide have the composition and appear to be formed from 

xanthen, as follows: = + On 

dissolving this compound in nitric acid and adding water, 
an amoi^ibous, yellow compound is precipitated. By reduciutr this 
with zinc and acetic acid, and precipitating the base ^ with 
ammonia, a brown colouring matter is obtained. Its hydrochloride 
is soluble in water and acts as a direct brown dye for wool and 
silk. This dye, for which the name xanthen-brown is suggested, 
is an inner ester of magenta and has a constitution corresponding 
with one of the following formulae : 

Analogous compounds obtained in the distillation of aluniinimii 
tolyloxides had the composition of tolyl dimethyl xanthens and also 
yielded xanthen-browns, and similar compounds were obtained 
from the anthracene oils of coal tar, which probably consist, in 
part, of triphenylmethane derivatives, and, in particular, of phenyl- 
and diphenyl-xanthens. [See also J. Soc, Chem, Ind,, 1919, April.] 

C. A. M. 

Synthesis of Aminoflavones , of Flavone-azo-^-naphthol 
Dyes and of other Flavone DerivatiTes. Mabston Taylor 
Bogert and Joseph K. Marcus (/. Amer, Chem. Soc., 1919, 41, 
83—107). — Flavone was prepared by a modification of Ruhemaim’s 
method (A., 1913, i, 891), using smaller quantiti^ of aluminium 
chloride and benzene. Nitration in the cold by nitric and 
sulphuric acids in glacial acetic acid solution yielded mixtures 
which were separated into two fractions, consisting of 2^- and 
3^-nitroflavones and of 3^- and 4^-nitroflavones. These were 
converted by reducHon with stannous chloride into the ainino- 
flavones, the three isomerides being separated and purified 
by taking advantage of their different basicities and solu- 
bilities. ^^-Aminoftavone crystallises from hot acetone in silky, 
pale yellow needles, m. p. 149'5 — 150'5° (corr.); Z’ -amino ff.avone 
crystallises from pyridine or xylene in lemon -yellow, straight 
needles, m. p. 156—157° (corr.), and -amino flavune crystallises 
from the same solvents in long, golden -yellow needles, m, p. 
234 — 236^ (corr.). From the three aminoflavones, the copespond- 
ing hydroxyflavones were prepared by means of the diazonium 
salts, and were decomposed by sodium etboxide and alcohol into 
o-hydroxyacetophenone and o-, w-, and ^-hydroxybenzoic acids, 
owing to the rupture of the pyrone ring at the double bond. 

-Hydroxy flavone forms lustrous, colourless plates, m. p. 
249—250° (corr.). The three aminoflavones have been diazotised 
and coupled with jS-naphthol to form flavoneazo-^naphthoUj m. p. 
265—266*50, 257°, and 274—275° (corr.) respectively, giving 
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orange to red shades on silk and wool, extremely fast to light and 
alkalis. Other compounds obtained are 2^~ae€toxyfta^one^ m. p 

88-5 — 89*^ (corr.), 2’-diacetylaminoflav(me^ m. p. 186'5 I 8750 

(corr.), V-diaceiyl^mimftavme, m. p. 231 — 232° (corr.), 
acetylaminoflavone, m. p. 246—248° (corr.), ^-p^enoxy-fi-phenyl 
propiomc acid^ m. p. 150 — 151° (corr.), the hanum salt of a 
disulphonic derivative of the latter acid, and methyl i3-6romo-j3. 
phenylpropionatCy m. p, 37 '5— 38’ 5° (corr.). It is noted that 
whereas all the hydroxyflavones are colourless, all the aminoflavones 
are yellow, thus indicating the more powerful auxochromic effect 
of the amino-group in this series ; also 4^-aminoflavone possesses the 
remarkable property of fluorescence only in neutral solvents which 
contain the hydroxyl group. J. p, g 

Carnosine, Constitution and Synthesis. Gborgk Barger 
and Frank Tutin (Biochem,, J., 1918, 12, 402—407). — 2;4:5-Tri- 
nitrotoUiene condenses with amino-acids when boiled in dilute 
alcoholic solution, the amino-acid becoming attached to the benzene 
ring by its amino-group, which replaces the reactive nitro-group 
in position 5. This reaction does not occur with imino-groups, hut 
does take place with the free amino-groups of peptides. The con- 
densation product of 2 ;4 :5-trinitrotoluen6 with carnosine on 
hydrolysis yields dinitrotolyl-j3- alanine, thus proving carnosine to be 
3-alanylhistidine, 

NH’CH 

^H-jj>C-CH2-CH(COjH)'NH'CO-CH,-CHj-NF,. 

For the synthesis of carnosine, ^-rntropropionyl chloride, h. p. 
123°/10 mm., was condensed with histidine methyl ester, and the 
resuMng very unstable product was at once reduced by stannous 
chloride and dilute hydrochloric acid, and the carnosine isolated 
as its copper salt. W, G. 

The a- and /^-Hydroxydihydrocinchonines and their Rdle 
in the Production of certain Isomerides of Cinchonine. 

E. L^iger {Compt. rend., 1919, 168, 404—407). — The so-called 
j8-bydroxycinchonine, like its a-isomeride (cctrij|)are A., 1918, 3 , 304),' 
when acted on by 50% sulphuric acid gives a mixture of 
cinchonigine, cinchoniline, and apocinchonine. The ratio of 
cinchonigine to cinchoniline obtained from the jS-isomeride ig prac- 
tically the inverse of that obtained from the a-isomeride, but if 
the strength of the acid is increased to 70% and the heating pro- 
longed to twenty-four hours, the proportions of these two bases 
are almost the same from each isomcride. From this, the author 
concludes that A-hydroxy cinchonine, li^e the o-isomeride (loc. dt.)- 
is a product of the addition of the elements of water to cinchonine, 
the two isomerides containing, respectively, the groupings 
H ^ OH / 

and CH 

OH ' H I 

a, S, 
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NicotinlcAcidDerivatives. II. GuvacineandtsoGuvaciae. 

E. WINTERSTEIN and A. B. Weinhagen {Zeitsch, phy^d. Chem * 
1918, 104, 48—53. Compare A., 1918, i, 35).— In view of recent 
publications on the same subject (Hess and Liebbrandt, A. 1918, 

401; Hess, ibid,, 403; Freudenberg, ibid., 403), the authors 
submit a short account of their experiments, fuller details being 
promised in a later paper. They are led to the conclusion that 
guvacine is in all probability A*-tetrahydronicotinic acid (contrast 
Trier, A., 1913, i, 803), whereas woguvacine is a simple derivative 
of pyrrole. 

The following details are given. Guvacine crystallises in prisms, 
m. p. 293—295®, is neutral to litmus, and optically inactive. The 
hydrochloride, platinichloride, and aurichloride have m. p.’s 312®, 
233®, and 195 — 197° respectively; nitrosoguvacine forms needles, 
m. p. 167®. Reduction of guvacine with hydrogen in the presence 
of platinum leads to the formation of dihydroguvacine, m. p. 252® 
(hydrochloride, m. p. 237®; platinichloride, m. p. 233—235®; auri- 
chloride, prismatic needles, m. p. 193 — 195®; mercurichloride, m. p. 
230 — 231®), which is shown to be identical with hexabydronicotinic 
acid. Methylation of guvacine leads to the formation of 
J-dimethylguvacine, m: p. 225® (?) [hydrochloride, m, p. 
256 — 258°; platinichloride, m. p. 253®; aurichloride, m. p. 
224 — 226°; picrate, m. p. 224 — 225°; mercurichloride, m. p. 
174 — 176®], which is found to be identical in all respects with the 
arecaidinemethylbetaine described by Willstatter (A., 1897, 

i, 385). 

isoGuvacine has m. p. 220®, is faintly acid to litmus, and is 
optically inactive. The hydrochloride, m. p. 231° (decomp.), 
platinichloride, m. p. 235® (decomp.), and aurichloride, m. p. 
198 — 200®, are described. When the base is heated with zinc dust, 
an intense odour of pyrrole is observed, and a pine shaving dipped 
in concentrated hydrochloric acid is coloured intensely red. 
woGuvacine is slowly reduced by hydrogen in the presence of 
platinum, but the hydrochloride of the new base is not uniform ; 
the platinichloride ^s ra. p. 225®. •isoGuvacine forms a dimethyl 
derivative, the platinichloride of which has m. p, 252®, H. W. 

Ring Formation with Elimination of a Nitro -group. 

S. Reich and (Mlle.) V. Nicolaeva ( Udv . Chim. Acta, 1919, 2, 
84 — 88). — ^The reaction examined by Reich with Gaigailian (A,, 
1917. i, 595) and with Turkus (ibid., i, 585) has been further 
studied. Whilst the phenylbydrazones of ethyl 2 : 4-dinitrophenyl- 
?lvoxylate, of 2 ; 6-dinitrobenzaldehyde, and of 2-cliloro- or 
2 -bromo- 6 -nitrQiben 2 aldehyde yield woindazole derivatives^ with 
the loss of a nitro-group under the influence of alkali, 2 ! 4-dinitro- 
benzaldehydephenvlhydrazone remains unchanged by similar treat- 
ment. To test the theory that this difference in behaviour is 
sterically due to the accumulation of atoms and atomic groups 
round the aldehydic carbon atom, ^i^-dinitroa^^efophenompheivyU 
hydraione, reddish-brown needles, m. p. 165 — 166®, has been pre- 
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pared froin 2-A-dinitroacetophenonej an oil which \s obtained by 
hydrolysing its oxime, yellow prisms, m. p. 124®, with warm 15% 
hydrochloric acid. The oxime is obtained in 20—30% yield by the 
action of amyl nitrite and sodium ethoxide on 2 ; 4-dinitroethyl- 
benzene, the main product of this reaction, however, being 5-ntfro. 

2-methylindoxazen, NOg*C8H3<^^^>N. yellow crystals, m. p. 

114®. . . 

In accordance with the theory above, 2 : 4-dimtroacetopheiione- 
phenylhydrazone is converted by treatment with cold aqueous- 
alcoholic sodium hydroxide into ^-nitroA-yhenyl-Z-methyli^Q, 

indazoU, N 02 -CeHs<py^>N, yellow spangles, m. p. 139-140“ 

C. S. 

Thienylquinolinecarboxylxc Acid. Max Hartmann and Ernst 
Wybert {Helv, Chim. Acta, 1919, 2, 60 — ^d).—~2-2^-Thienylqmn- 
oline^i-carboxylic acid, C 4 H 3 S*C 9 H 5 N'C 02 H, yellow leaflets, m. p, 
,211®, is obtained by heating 2-thienyl methyl ketone, isatin, 28% 
potassium hydroxide solution and alcohol on the water-bath for 
three hours and acidifying the cooled solution with acetic acid. By 
repeated recrystallisation the acid is obtained in colourless^ crystals 
having the same m. p., but by solution in alkali and reprecipitation 
by acid the yellow modification is regenerated. The ethyl ester, 
cdourless needles, has m. p. 83°. The salts of the acid are extremely 
soluble in water, forming solutions having a neutral reaction. 

The acid resembles, but exceeds, 2-phenylquinoline-4-carboxylic 
acid in its antiphlogistic and analgesic action. When fed to an 
animal or when injected in the form of a soluble salt into the blood 
system it produces in the animal a violet-red colour and the urine 
acquires the colour of concentrated potassium permanganate solu- 
tion. The colouring matter, which is very persistent and appears 
in almost all the internal organs, can be isolated from the urine 
and is obtained in small c^stals (C = 56’51; H=4*57 ; N = 5'41; 
S=:7'31%- Mol. wt. in freezing naphtbalene=2207). The substance, 
has pronounced acid properties, exhibits none of the colour reactions 
typical of thiophen, and cannot be produced from the thienylquin- 
olinecarboxylic acid in the laboratory. C. S. 

Nitro-, Arylazo-, and Amino-glyoxalines. Robert George 
Fargher and Frank Lee Pvman (T., 1919, 115, 217 260). 

Quinocyanines (Pinacyanoles, Dicyanines). Otto Fischer 
(J. pr. Ghem., 1918, [ii], 98, 204— 232).— Little has hitherto been 
known of the blue cyanines which have been put on the market 
under the names pinacyanole chloride, dicyanine bromide, and 
^-dicyanine iodide, and are stated to be the best sensitisers in pho o 
graphy. Considerable light is now thrown on the conditions of the] r 
formation. For the production of pinacyanoles and of their homo* 
loguea, the ^-dicyaniues obtained from 2:4-di- and 2:4;6-tn* 
methylquinoUne alkyliodides, two quinoline molecules are necessary, 
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each containing a methyl group in position 2, by means of which 
the two molecules are united together. For the production of 
dicyanines are necessary two quinoline molecules, one containing a 
methyl group in position 2 and the other a methyl group in 
tion i : ^ 


/\/\ 


^VN 


NB N 

/\ 

B X 


(Piaacyanole.) 


\/\/ 

NR 


i:=0:0H- 


Me 


Me 

A/' 

\/\/tc:cH.I 

NE N 


(t{(-Dicyaniue8.) 


/' 


fY'i 

\/\/ 

K 

/\ 

K X 

(Parent substance of dicyanine.) 


\/\/ 

NR 


N 

/\ 

B X 


In the formulae R“Me or Et and X ^halogen. 

The chromophore of the jsocyanines (for example, ethyl-red) oou- 
tains two, that of the pinacyanolea three, and that of the dicyanin&s 
four double linkings, which accounts for the deepening of the 
colours from violet-blue through blue to greenish-blue. 

[With (Frl.) C. Bauer, (Frl.) P. Merkel, and G. Scheibe].— The 
simplest pinacyanole, quinaldine-blue (formula given above), was 
prepared (Farbwerke vorm. Meister, Lucius & Briining, D-R.-P. 
172118) by boiling an alcoholic solution of quinaldine ethiodide, 
with or without quinoline ethiodide, with aqueous sodium hydr- 
oxide in the presence of formaldehyde. At first it was believed 
‘that two different blue pinacyanoles were formed, but it is 
now shown that only one is obtained, the quinoline ethiodide 
taking no part in the reaction. It is also shown that the 
presence of formaldehyde (or, as stated in the patent claim, of 
glyoxylic acid, iodoform or chloroform), although advantageous, 
is not essential, provided air or other oxidising agent, such as 
potassium ferricyanide or ammonium persulphate, is present. It ia 
true that in the case of quinoline derivatives unsubstituted in posi- 
tion 4 the latter methods result chiefly in the production of iso- 
cyanines, but when position 4 is occupied by a methyl or phenyl 
group the product is chiefly the pinacyanole. ■ 

In addition to the iodide (quinaldine-blue), m. p. about 276 278 
(decomp.), the bromide, m. p. about 274 — 275° (decomp.), chloride, 
m. p. about 263° (decomp.), picrate, decomp, about 250— 260 , 
Vlatinichloride, aurichloride, and mercuricMonde are described, 
and also the additive compounds of the iodide and bromide respec- 
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tiv^y with bromine. Attempte to find evidence of the {Hreeence of 
a ruptiured ring by testing for the presence of a secondary ainiae 
gave negative results. By oxidation with an excess of alkaline 
potassium ferricyanide solution, pinacyanole chloride yields 1 -ethyl- 
quinolone. 

Many attempts were made to convert ethyl-red and its homo- 
logues into pinacyanoles by means of formaldehyde, but the violet- 
blue substances obtained showed no similarity at ^ to the pina- 
cyanoles. 

By boiling an alcoholic solution of 2 : 4-dimethylquinoline eth- 
iodide and potassium hydroxide (J mol.) in a current of air a 
mixture of several colouring matters is j^oduced, from which the 
i/r-dicyanine iodide, CjjeEarNgl (formula above), and the dicyanine 
iodide (formula above) have been isolated in the form of the corre- 
sponding bromides. When 4 -phenyi- 2 -methylquinoline methiodide 
is similarly treated in methyl-alcoholic solution, no dicyanine is 
formed, but the ^-dicyanine, A-A^-diphenylpimcyanole iodide, 
C 34 H 27 N 2 I, crystals containing CH 4 O {picrate, almost black, crystal- 
line powder), is obtained. A syndar result is obtained in the case 
of 4“phenyl-2 : fi-dimethylquinoline methiodide, but 2:4: 6 -tri- 
methylquinoliue ethiodide, which again conteins a methyl group in 
position 4 , yields both the ^-dicyanine iodide (chief product) and 
the dicyanine iodide. The former, C 28 H 31 N 2 I, green prisms con- 
taining CgHgO, forms blue solutions which appear reddish-violet in 
thin layers {picfute^ dark green leaflets), whilst the latter, 
C 28 HS 1 N 2 I, forms green needles {picratCj greenish-black needles; 
bromide f green needles). 

The various classes of cyanines are diflerentiated by their absorp- 
tion spectra. 


Condensation of Aromatic ori/ioDiamines with Phthalic 
Anhydride. Hans Lieb (Mon(itsh.f 1918, 39, 873 — 895). — It has 
been shown by Edlbacher . that diphthalyl-o-phenylenediamine, 
CeH 4 N 2 [(CO) 2 C 6 H 4 ] 2 , can be reduced by zinc dust and acetic acid^ 
to a substance, m. p. 275—277° (decomp.), which, at its melting 
point, passes into a red, crystalline product, Cg2Hi202^2J P* 

The present communication deals with the constitution of these 
substances, the elucidation of which in the first case is greatly ham- 
pered by the difficulty of eliminating solvent of crystallisation. The 
author, however, considers the material to 
be 1:2:3 :4 - dibenzoylene-l :2 :3 :4-tetra- 
' hydro-2 : S-dihydroxyquinoxaline 


A/ 


1 ) 


formula), whilst the substance, 


C„H,,0,N., 


VV/ 


N: 


■C— I I 


\co- 


■\/ 


is 1 : 2 : 3 : 4-di benzoyl ene- 1 : 4 -dihydroquiD' 
oxaline. Similar substances may be ob 
tained from phthalic anhydride and 1 :-^* 
naphthalenediamine. 

Diphthalyl-o-phenyle'nedjiarmnef m. p- 
297°, is obtained in 45 % yield by beating 
a mixture of phthalic anhydride and 
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o-phenylenedkmme, and is reduced to l:2i3:4.dibetiz^jl^nA 
2 : S^^AyOroa^y-^l-.^: 3 :^Mmhye^(^umoxaline, which separat^from 

g acial ace^ wid ( + ICAO 2 ) m yellow prisms, and from aqueous 
alcohol (+H 2 O) in indefinite, crystalline aggregates. The m d is 
not sharp, the substance becoming red at above 260° and vieldin? 
an inl^sely red, molten mass at 274r-278° with brisk evolkon of 
gas. Attempts to prepare an acetyl or benzoyl derivative, an oxime 
orahydrazone^were unsuccessful, but the action of methyl sulphate 
yielded a mmiomethyl ether, C 23 Hi 604 N 2 ,H 20 , m. p. 190° after 
softening and evolving gas from 170° 1:2:3: i-mhemoyltnt-\ : 4^ 

dihydroqmnoxaline crystallises in intensely red needles, m. p. 278° ■ 
it slowly dissolves in concentrated alcoholic potassium hydroxide' 
and the solution, on acidification, yields a substance which at 
270—273° is r^nverted into the red product, but which, in spite 
of its close similarity, is not identical with the original material. 

Attempts to prepare the red substance from biphthalyl and 
o-phenylenediamine were not success- 
ful, the product obtained being 
ophenylmedib enziminazole (annexed 
formula), colourless needles, m. p. 
425° (decomp.), which was also pre- 
pared by condensing dihydrodi- 
phthalyl with o-phenylenediamine or 
from the amine and phthalic anhydride at 290° in a sealed tube. 
The corresponding acetyl and benzoyl derivatives have m. p.’s 
198—199° after softening at 195° and 229—230° after feoftening at 
225° respectively. 

The following derivatives have been obtained from 1 : 2*naph- 
thylenediamine : diphthalyl-l : 2-naphtkylenedmmine, rhombohedra 
or hexagonal prisms, m. p! 282°, which on reduction gives the pro- 
duct, C2gHi804N2, m. p. 280 — 284°, with evolution of fi(as and form- 
ation of a red mass, and 1:2:3: i-dibenzaylene-l : ^dihydro-b : 6- 
(7 ‘.Syhenzquinoxaline, red needles, m. p. 323 — 324°, after sintering 
at 321°. During the preparation of the first-named substance, 
\\2-naphtkylenehenziminazole-o-carhoxylic acid^ leaflets, m. p, 
304 — 305°, is obtained as by-product; this is converted by acetic 
anhydnde into henzoylenenaphthiminazole, Cj§HjgON 2 , orange- 
yellow needles, m. p. 213°. . H. W. 



Proteins. I. Preparation of Ovalbumin Solutions of 
well-defined Composition, and the Analytical Methods used. 

8. P. L. Sorensen [with Margrethe Hovrup] (Compt. rend. trav. 
lab. CarUherg, 191?,' 12 , 1—11, 12—67; Zeitsch. physiol. Chem., 
1918, 103 , 1 — 14, 15- -79).— The crystals of ovalbumin are pre- 
pared by the Hopkins and Pinkus’ method, and after being recrys- 
talHsed six times are free from ash, conalbumin, and mucoid. By 
means of a dialysing apparatus described in detail, solutions of 
ovalbumin may be completely freed from sulphate and almost 
entirely freed from ammonia. The content of water, ammonia, 
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and sulphuric acid in the crystals of ovalbumin is derived by tie 
application of the “principle of proportionality.” according to 
which^ if an ovalbumin solution is precipitated by ammonium sul- 
phate and the crystalline precipitate sulwequently filtered off, and 
if weighed parts of the filtrate as well as of the precipitate with the 
adherent mother liquor are analysed, it is possible from the results 
of the analyses to draw certain conclusions regarding the composi- 
tion of the precipitate on the presumption that the mother hquor 
surrounding the precipitate has the same composition as filtrate. 

Proteins. 11. Capacity of Ovalbumin to Combine with 
Acids or Bases. S. P. L. Sorbnsen [with Margrkthe Hoyrup, 
Jenny Hempel, and S. Palitzsch] {Compt. rend, trav. lah, Cark^ 
berg, 1917, 12, 68 — 163; Zeitsch. phyml Chevi.^ 1918, 103, 
104—210). — From theoretical considerations it is possible to calcu- 
late the hydrogen-ion concentration in an aqueous salt solutioD 
containing an excess of an acid or base corresponding with the salt 
By an extension of the method, formulse are deduced which permit 
of the calculation of the hydrogen-ion concentration of solutions of 
ampholytes containing small amounts of free acid, account being 
taken of the dissociation of the ampholyte into hydrogen- and am- 
pholyte-anions and into hydroxyl and ampholyte cations respec- 
tively. The effeet of the addition of salts is then considered, and 
it is found that at hydrogen-ion concentrations which are not in the 
neighbourhood of the isoelectric pmint of the ampholyte the capa- 
city to combine with acids is (u) independent of the concentration 
of the ampholyte, (6) increased by increasing the concentration of 
the salt, (c) positive at hydrogen-ion concentrations superior to that 
corresponding with the isoelectric point of the ampholyte, and nega- 
tive (that is, the ampholyte is combined with surplus base) at 
hydrogen-ion concentrations inferior to it. After testing the accu- 
racy of these formulse by application to solutions of amino-acids and 
salts, they are applied to solutions of ovalbumin, and it is found 
that the capacity of the ovalbumin to combine with acids is inde- 
pendent of the concentration of the ovalbumin at hydrogen-ion con- 
centrations which are greater or smaller than that corresponding 
with the isoelectric point of the ovalbumin provided the concen- 
tration of ammonium sulphate is constant. It is further increased 
by increasing the concentration of the ammonium sulphate.^ At the 
isoelectric point the capacity of the ovalbumin to combine wth 
acids is to some extern dependent on its concentration. By refer- 
ence to a curve, the slight excess of sulphuric acid present in a solu- 
tion of ovalbumin containing ammonium sulphate may be calcu- 
lated, and also the method of its distribution between the two 
phases of the ovalbumin solution, namely, the dispersed phase con- 
sisting of hydrated ovalbumin and the external phase of ammonium 
sulphate and water. From these considerations the poi 

of ovalbumin is found to be at about 15'74xl0 ® H. W. 
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proteine. III. Composition and Properties of Ovalbnmin 
Separated in Crystalline Form by means of Ammonium 
Sulpbate. S. P. L. Sorensen ■ and Margrethe Hoyhup [Cwnpi 
ye}id. tra'tf. Lab. Carkherg, 1917, 12, 164—212; Zeitsch. 
physiol. Ghem.j 1918, 103, 211 — 266. Compare preceding 
abstracts). — By the application of the principle of proportionality, 
it is found that the crystals of ovalbumin contain water to the 
extent of about O’ 22 gram of water per 1 gram of ovalbumin. The 
amount of water present is independent of the conditions of crystal- 
lisation (time and temperature of crystallisation, concentrations 
of ammonium sulphate, protein, and hydrogen ions), It is 
similarly found that if the crystallisation takes place at a hydrogen- 
ion concentration of about IS x 10“®, the crystals contain neither 
surplus sulphuric acid nor ammonia; at higher hydrogen-ion con- 
centrations, the crystals contain surplus sulphuric acid, at lower 
concentrations they contain surplus ammonia. A consideration of 
the character of the crystallisation process leads the authors to the 
conclusion that the crystallisation of ovalbumin is simply the 
crystallisation of a supersaturated solution of a substance crystal- 
lising slowly and with difficulty. 

In a postscript, it is announced that successful crystallisations of 
ovalbumin have been obtained by means of a mixture of ammonium 
and diammonium phosphates instead of ammonium sulphate. The 
crystals so obtained closely resemble those prepared in the usual 
manner. H. W. B. 

Proteins. IV. State of Equilibrium between Crystallised 
Ovalbumin and Surrounding Mother Liquor, and the 
Applicability of Gibbs’s Phase Rule to such Sjrstems. 

S. P. L. Sorensen and Margrethe Hoyrcp [Compt. rfnd. imv. 
Lab. Carlsberg^ 1917, 12, 213 — 261; Zeitsch. phymd. Vhem., 1918, 
103, 267 — 323. Compare preceding abstracts). — The relations 
existing between crystallised ovalbumin and the surrounding 
mother liquor are in conformity with those associated with a hetero- 
geneous system containing one solid phase, hydrated ovalbumin, and 
three other components, water, aminoiii.a, and sulphuric acid. The 
system in all essential features is conformable to Gibbs’ phase rule. 
At the equilibrium point, the content of ovalbumin in the mother 
liquor is smaller as the concentration of ammonium sulphate 
increases. The hydrogen-ion concentration at which the concen- 
tration of ovalbumin in the mother liquor is at a minimum corre- 
sponds with 2 ?jj= 4*58, and seems to be independent of the con- 
centration of ammonium sulphate and the temperature of crystal- 
lisation. Similarly, the optimum temperature is at about 20°; but 
little variation is observed between the limits of 12° and 29°. 

The velocity of crystallisation increases with the concentration 
of ammonium sulphate, with the initial concentration of protein, 
and with the temperature of crystallisation. H. W, B. 

VOL. CXVI. i. * 
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Proteins. V. Osmotic Pressure of Ovalbumin Solutions. 

S. P. L. Sorensen [with J. A. Christiansen, Margrethe Hqyrup', 
S. Goldschmidt, and S. Palitesch] (Gompt. rend, tra^v. La()\ 
Carlsherg, 1918, 12 , 262—372. Compare preceding abstracts).^’ 
The osmometer used consists essentially of a collodion cap serving 
the purpose of a semi-permeable membrane and containing the 
ovalbumin solution employed as inner liquid, the outer liquid being 
an ammonium sulphate solution in diffusion equilibrium with the 
dispersion medium of the inner liquid. The osmotic pressure is 
measured by determination of the counter-pressure required to be 
exerted on the surface of the inner liquid to prevent a migration 
of the liquids through the membrane. On increasing the concen- 
tration of ammonium sulphate, the osmotic pressure of the 
ovalbumin is depressed. This result is explained by assuming that 
the increased amount of ammonium sulphate favours the‘ condensa- 
tion of two or more hydrated ovalbumin particles into a single 
particle by means of the bivalent sulphate group. 

The osmotic pressure does not undergo any material alteration 
when the hydrogen-ion concentration is varied between 40 x 10 
and 100x10"®; at higher concentrations, the pressure iucreases 
very slowly with the hydrogen-ion concentration, whilst at concen- 
trations inferior to 40 x 10'®, it increases rapidly as the concentra- 
tion decreases. These results are also accounted for by the assump- 
tion of a condensation process promoted by the sulphate ^oup. 

From the various results which have been so far obtained, the 
number of nitrogen atoms contained in a single n on-condensed 
ovalbumin particle is estimated at approximately 380 ; hence the 
molecular weight of anhydrous ovalbumin appears to be about 
34,000. Taking into account the results obtained indicating the 
amount of sulphuric acid contained in the crystallised ovalbumin, 
the albumin crystals seem to consist normally of two albumin 

particles bound together by three molecules of sulphuric acid, 

6 -r H. W. B. 


Proteins of Cow's Colostrum. I. The Relation 
between the Euglobulin and i/^-Globulin of Cow’s Colostrum.. 

Harold Ward Dudley and Herbert Ernest Woodman {Biocke,m. 

1918, 12, 339— 351).— The authors have studied the optical 
properties of euglobulin and i/'-globulin of cow's colostrum when 
dissolved in A/ 2- and A /4-sodium hydroxide, and also the optical 
properties of the amino-acids derived from the hydrolysis of race- 
mised" colostrum euglobulin and ^-globulin. The results obtained 
support the view that the ;e two substances are structurally identical 
in so far as the protein portion of the molecule is concerned. 


Some Metallic Compounds of Haematoporphyrin. Jom 

Alexander Milroy (Biochc'im. 1918, 12 , 318 -— 338)^T e 
author has prepared the compounds of h^matoporphyrin with zi^, 
cadmium, nickel, cobalt, iron, copper, tin, and lead, has desen 
their absorption spectra, and determined their resistance to ^ 
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action of mineral acids and the resistance of the ah^urniim. i i 
of the pigments to dilution. ^ ^ ^ hands 

The stannous compound may be prepared directly frmn n i 
or tonatm and on tliis is based a Licate test for^ detet"n 
of traces of blood pigment. The stained tissue where wiTu 
suspected, is boiled with a little glacial acetic acid iii a smairtl T 
tube To tne boding solution, tbree drops of 2i/-sUnncus ohlorit 
solution are added, and the solution is boiled for one minute. After 
filtering off the precipitate formed, the absorption bands of acid 
humatoporphyrm can easily be seen. A small quantity of sc 
sodium acetate 13 then added, and the solution is again boiled 
The fluid which 13 now bright red, is cooled and filtered, and the 
filtrate shows the two characteristic absorption bauds of the 
Stannous derivative. A method is given jor extracting the blood 
pigment with phenol prior to this examination, and it is claime.l 
that, by tins means, it is possible to detect blood moment at a 
dilution of lO-^xMlb. ^ ^ ^ 


Pyrrole Reaction of the true Nucleic Acids. Jl. Feulgen 
[Zeitsch. physiol. Chem.^ 1918, 104 , 1), — A pine shaving moistened 
with concentrated hydrochloric acid is coloured carmine-red by the 
vapours obtained by heating a dry mixture of sodium nucleate 
and ammonium chloride; the reaction is not shown by sodium 
nucleate alone. Since furan derivatives are readily converted into 
derivatives of pyrrole by dry distillation with ammonium salts, the* 
author regards the reaction as a confirmation of his theory (A., 
1914, i, 1098; 1918, i, 85) that the carbohydrate group of the true 
nucleic acids belongs to the furan type. H. W. 

Mutarotation of Gelatin and its Significance in Gelatinisa- 
tion. C. R. Smith {J. Amer. Ckem. Soc., 1919, 41, 135— 150).— In 
f^olution, gelatin exhibits mutarotation, and a study of the influence 
of changes of temperature on this mutarotation shows that in 
aqueous solution two forms of gelatin probably exist, one, termed 
the sol form A, stable above 33 — 35°, and the other, called the gei 
ionn. li, stable below 15°. Between these temperatures, the two 
lorins exist in equilibrium, and the mutarolaiion appears to he 
due to tlie transformation of the one form iiito the other by a 
reaction reversible with the temperature. This reaction is appar- 
ently bimolecular, that is, of the type to be expected if two mole- 
cular or equivalent weights of form A combine to form one 
molecular weight of form The relationship between the per- 
centage quantities of the two forms when equilibrium is established 
at any given temperature between 17° and 33° seems to be repre- 
J^ented by the equation (a - n:)- j x = K, in which a is the difference 
(about 1'2) between the rotations produced by 1 gram of gelatin 
per 100 c.c. in a tube 100 mm. long at 33 — 35° and at 17°, .x is 
Ihe difference between the rotations at 33—35° and at the given 
temperature, and A" is a constant. Increase in Isvorotation, 
indicating increasing formation of the gel form B, follows closely 
increase in viscosity. 

% 2 
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A definite proportion of form H is necessary to form a jelly of 
standard viscosity, and this proportion, slightly increased as cod. 
centration increases, produces the standard viscosity in gelat^, 
solutions of much higher concentrations. Maximum gelatinisaiioc ! 
temperatures or melting points approach the limiting vab, ; 

33 350^ as the concentration of gelatin increases. At these aaxi^ 

mum temperatures, gelatinisation is produced by the presence of 4 
certain definite minimum proportion of form B required for it, 
formation of a jeily; above 35°, gelatinisation does not take plac* 
at any concentration. 

The existence of two forms of gelatin, on which gelatinisation of ' 
the solutions is dependent, is confirmed by the behaviour of sud 
solutions with alcohol, which at temperatures below 30° either pre- 
cipitates the gelatin or renders the solutions opalescent if present 
to^the extent of 15%j if the concentration of the gelatin is kigk 
alcohol precipitates an opalescent jelly. Above 35°, the precipita- 
tion requires far larger proportions of alcohol (45—50%), uules&j 
comparatively large amount of an electrolyte is also added. 
Further confirmation is afforded by the results of measurements 
of osmotic pressure (compare Moore and Koaf, A., 1907, ii, ?3), 
viscosity (von Schroeder, A., 1903, ii, 721), and “gold numbers ’ 
(Menz, A., 1909, i, 343). 

Gelatin sols dried at above 35° and gels dried at below 15° girt 
different solid forms, and whilst the solid gelatin thus obtained 
*may or may not be in the form in which it exis^ in the material 
from which it is prepared, there is some indication that the jolid 
gelatin prepared by drying sols above 35° is the form existing 11 
the sols. II- !“■ 


Pepsin. I. Chemical Changes in the Purification of Pepsia, 
Lewis Davis and Habvbt M. Mkkeke (/. Atmt. 6 Soc., 191J, 
41 221— 228).— The purification of commercial pepsin by fra^ 

tional precipitation, salting-^ut, filtration, and dialysis is aecom- 
panied by gradual elimination of the secondary protein derivatives, 
including amino-acids, the purified samples tending more and more 
to approach the proteins in character as the proteolytic acting 
increases; the proportion of material coagulable by heat also 
creases. The fact that the most active samples respond strongly Id 
Molisch’a test indicates the possibility that the pure enzyme 
be a conjugated protein, probably a gluco-protein. The proportoi 
of mineral matter present also diminishes continuously as pumca' 
tion proceeds; the sulphur and calcium appear, however, to ew 
affected, although the phosphorus content shows a ™ed decre^ 
and ohloridee are apparently eliminated entirely. Other tnan^ 
increase resulting from removal of non-nitrogen ous impurities, 
is little apparent change in the proportion of total nitrogen. 

The diminution in the a-amiuo-acid content is almost 
tional to the increase in proteolytic activity, and ™ 
of a-amino-acid in the most active sample, which exhibits an 
neutral reaction, appears to correspond with lysine. It see 
able that the concentration of hydrogen ions in solutions 
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pure enEyfflej wuid this be obtained, would be comparable with the 
low values given by other proteins. 

The optical activities of the enzymes of different degrees of 
purity were measur^, but the same values were obtain^ with 
pepsins showing different proteolytic activities. The rennetic 
activities correspond closely with the proteolytic activities. 

T. H. P. 

A Delicate Method of Determining Invert Activity. C. K. 

Watanaue and V. C. Myers {Proc, Soc. Exp. Biol. Med,^ 1918 
15, 142—143; from Phydol. Ahnlr., 1919, 3, 502).— The metlioti 
\$ similar to that advocated by Myers and Killian (compare A., 
1917, i, 369) for measuring diastatic activity, but in this case 
sucrose .solution is substitute for the solution of soluble starch or 
glycogen. \V. G. 

Influence of Hydrogen-ion Concentration on the Enzymic 
Activity of Three Typical Amylases. H. C. Sherman, A. W. 
Thomas, and M. E. Baldwin {J . Amer, Chem. Soc., 1919, 41, 
231—235). — The enzymes examined were the amylases of pancreas, 
malt, and Aspergillus oryzae, representing the starch- splitting 
Mizymes of the higher animals, higher plants, and fungi respectively. 
Experiments were made to determine as definitely as possible the 
bydrogen-ion concentrations which induce optimal activity of the 
pancreatic and fungus amylases, and to establish for each of the 
three amylases the limits of hydrogen-ion concentration within 
ivhich any enzymic activity is shown and the form of the curve 
representing the activities at all concentrations of the hydrogen 
ion between these limits. The experimental methods used were 
those previously described (A., 1915, i, 183), except that greater 
Drecautions were taken to prevent any action of light during the 
mzymio actions, and that, in measuring the hydrogen-ion concen- 
:ration by the electrometric method, the current of hydrogen was 
'eplaced by a Clark cell and a rocking electrode. 

The results of Sherman and Thomas (Joe. cit.) on the optimum 
lydrogen-ion concentration for malt amylase were confirmed and 
bat for pancrwtic amylase more sharply defined ; that for the 
naltase of Aspergillus oryzae is closer to the value for malt amylase 
ban to that for the pancreatic enzyme. The latter is active for 
values of Pjj 4 — 10. the optimal activity being at about 7 ; the 
olutions commonly considered neutral show under similar condi- 
tions the value 5‘8 for Malt amylase Is active for 

= — 9, the optimal activity being at 4*4— 4*5, whilst with 
be Aspei'gillvs enzyme the limits of are 2*6 and 8 and the 
optimum 4*8. The influence of the concentration of the electro- 
yte, as distinguished from the concentration of the hydrogen ion 
done, appears to be greatest with pancreatic amylase and least 
nth the amylase of AsjjergHP^s oryzae. T. H. P. 

[ Efiect of Neutral Salts on the Activity of Ptyalin. Elbert 

p. Rock WOOD (/. Amer, Chem. Hoc., 1919, 41, 228 — 230). — The 
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methods used in this investigation were essentially those previously 
described (A., 1917, 358; 1918, i, 274). Ammonium chloride 

and nitrate, and, to a less extent, the sulphate and thiocyanate 
enhance the hydrolytic action of ptyalin on starch. The effects 
of the ammonium salts of organic acids are much smaller; tb 
acetate, but not the oxalate, shows some power as an auxo-amylase 
whilst the tartrate exerts a slight stimulating action. Ammoniuin 
chloride and bromide produce marked increase in the amount of 
starch hydrolysed, the quantity of reducing products being 
same in each case ; the fluoride inhibits the action. Similar result? 
are obtained with the sodium haloids. The effect of sodiinn 
cliloride is not altered by changing the cation to pobassiinn or 
calcium, so that the action of a salt is a function, not of the catioii, 
but of the anion. The tervalent cations were not tested, owing to 
the coagulating effect of their soluble salts on colloids. 

Tests made by means of Nessler solution at intervals during Uio 
action of ptyalin on starch in presence of an ammonium salt show 
that the ammonium ion is not destroyed during the digestion. 

T. n. P. 

Photochemical Effect of certain Fluorescent Substances 
on Rennin. Janet H. Clark (Amer. J. Physiol, 1918, 47, 
251—264; from PhysiaL Ahstr,, 1919, 3, 502). — The inhibition of 
rennin by light is attributed to the formation of toxic substance? 
as a result of photochemical action. This may be accompanied by 
fluorescence, and fluorescence may or may not be accompanied hv 
the formation of toxic .substances. Free halogens are the toxic 
substances in the experiments described with eosin and erythrodn. 

W. G. 

Simple Method of Making p-Arsanilic Acid. Philip Adolih 
Kober and Walter S. Davis {Proc. Soc, exp. Biol. Med., Jr/' 
York, 1918, 16, 13— 15).— 1000 C.c. of crude 75% arsenic acid are 
concentrated to about 100 c.c. by heating for twelve to fifteen hour? 
in an open beaker in an oil-bath at 120 — 140P After cooling, the 
acid is slowly added, with vigorous stirring, to 1400 c.c. of dry 
aniline, at or below 0°. The mixture becomes viscous, then granular, 
and is finely ground. 200 Grams of it are heated in a flask and 
stirred until the powder melts ; it is then heated for one and a-ha!f 
hours at 160—170° and one hour at 180—183°, under a reBiu 
condenser. After cojling, 450 c.c. of 3A^-hydrochloric acid aw 
added, the aniline is separated off, the solution is shaken wdj 
15 — ‘20 grams of kaolin or infusorial earth, and filtered with a] 
of suction. To the clear filtrate, hOO c.c. of 6 A -hydrochloric aci.> 
are added, and then, on an aliquot portion, the further amount o. 
hydrochloric acid is determined by trial, which will give the ina^] 
mnm crystallisation on keeping. This, added the ' 

yields 30% of crystalline primary arsanilic acid, without an, 
secondaiT acid. The usual mistake in the laboratory is 
loo much aniline and too high a temperature. 
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Method of Preparing Pure Dihydrochlorida nf n- • 
dihydroxyarsenobenzene [Salvarsan] . Pmup Amlh v 
[Proc. Soc. exp. Bid. Med., New York, 1918 16 23— 
author dislikes the precipitation ot the dihydrochlor’ide fr,,™ » tl i 
alcohol by ether, and prefers the mass actiL of “ hydiodS 
acid in aqueous solution. The alkaline solution of tL , " ™ 
slightly acidified with hydrochloric acid, and the solutiol is turjd 
slowly, with viprous stirnng at a low temperature into hydrm 

Cr. H, 

Halogenation Xyil. Action of Halogens on the Grignard 
Reagent and Replacement of Halogen Atoms bv one 
another. Rasik Lal Datta and Haraparbutty Kumar MimtH 
(.7. Amer. Chem. Soc., 1919, 41 , 287-292).-Few investigations 
have been made on the action of halogens on the Grignard reagent. 
The authors find that one halogen is, in general, able to displace 
other halogens from the Grignard reagent with the production of 
the corresponding haloid derivatives, the yield of the latter being 
greatly influenced by the nature of the halogen and by the experi- 
mental conditions , the reaction is sometimes accompanied by 
secondary reactions due to the union of the Grignard residues. 

When iodine is added to magnesium phenyl bromide, the 
resultant products are iodobenzene in 25 — 30% yield, benzene in 
30—40% yield, and a small proportion of diphenyl, but addition 
of magnesium phenyl bromide to ethereal iodine solution gives 
phenyl iodide in 90% yield. By the action of iodine on magnesium 
phenyl iodide, iodobenzene, benzene, and diphenyl are formed, the 
last constituting the main product. The action of iodine on mag- 
nesium o-to]yl bromide gives o-iodotoluene in 80% yield. From 
m-bromofcoluene, w-iodotoluene is similarly obtained in 76% yield, 
as well as a little unchanged m-bromotoluene j from p-bromotoluene, 
ill addition to a little unchanged substance, p-iodotolueue is 
formed in 74% yield. By the action of iodine on magnesium ethyl 
iodide, ethyl iodide in low yield is obtained. 

Similarly, in the action of bromine on magnesium phenyl iodide, 
benzene and bromobenzene are the principal products, the yield of 
the latter being 30 — 40%; a small proportion of diphenyl is also 
obtained. From magnesium phenyl bromide, bromobenzene is 
obtained in 30 — 40% yield. By the action of bromine on mag- 
nesium ethyl iodide, ethyl bromide is formed, and from magnesium 
^-propyl iodide, propyl bromide is formed in 30 — 40% yield. 

The action of chlorine on magnesium phenyl bromide gives a 
product which explodes with great vio'lence when shaken. From 
p-bromotoluene, 1 ^chlorot-OlUene is obtained in 20% yield. 

T. H. P. 
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Tlie Coagulation of Blood. Mario Chio (Arch. Farm, sperin.^ 
1918, 26, 175—192, 193—212; from Chem, Zentr.^ 1918, ii, 1048)! 
— The behaviour towards hydrochloric acid and carbon dioxide (A., 
1917, i, 672) varies with the season of the year in such a manner 
that, during the warmer months, smaller concentrations of hydro- 
chloric acid are sufficient to prevent the coagulation of the salt 
plasma, whilst, on the other hand, higher tensions of carbon dioxide 
are necessary. It is advisable, although not absolutely necessary, 
to perform the experiments at constant t-emperature. New experi 
ments have shown that a displacement of the chemical equilibrium 
in dilute salt plasma occurs, which is shown by an increase in 
alkalinity. Hydrolysis of fatty matter must, among other 
influences, he a "cause and consequence. Hydrolytic fission of alkali 
soaps liberates fatty acids, which yield calcium soaps in the presence 
of soluble and dissociable calcium salts. Changes therefore occur 
in the condition of certain colloids, which result first in the form- 
ation of gels and subsequently in contraction, owing to diminution 
in the irrigation of the lipoid-albumin complexes. Increase in the 
tension of carbon dioxide diminishes the rate of this phenomenon. 
The coagulation of blood may be explained by the formation of 
calcium soaps by a process which can be limited or prevented 
by suitable adjustment of the carbon dioxide tension both outside 
and within the organism. H, W. 

Proteolytic Relationships in the Serum of the Horse and 

Ox. S. G. Hedin (Zeitsch. physiol. Chem., 1918, 104, 11 — 47).“ 
A continuation of the work of Hedin and Masai (A., 1918, i, 90). 
The chief results may be summarised as follows : The serum shows 
itself either completely inactive or very slightly active towards 
casein, but undoubtedly capable of breaking down peptone when 
tested by the tannic acid method. If the serum is fractionated 
with ammonium sulphate, the globulin fraction, precipitated by 
about one-third saturation, contains primary and secondary' 
proteases, and thus causes fission of casein and peptone. The fct 
type of activity appears to be lost if the serum is heated at 
during thirty minute? ^whereas the second type persists in a greatly 
lessened degree. The albumin fraction precipitated between half 
and full saturation contains practically only secondary proteases, 
which are active towards peptone hut not noticeably towards 
casein ; it contains also substances which inhibit the activity o 
pancreas trypsin as well as of the primary proteases of the glohulm 
fraction. The power of these inhibiting substances is destroyed or 
weakened by treating the albumin with chloroform or ether; it 
however, they have already acted on the enzyme, subsequent treav 
ment with chloroform is ineffective. 
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The Increase in Nitrogen Metabolism of the Dog, foUow- 
ing the Administration of Desiccated Thyroid Gland. 

Alice Rohde and Mabel Stockholm (J. Biol, Chem. 1919 87* 
305— 316).-— Nitrogen elimination in the dog receiving 'only sugar 
solutions may be increased approximately 50% by the administra- 
tion, during a five- to seven-day period, of commercial desiccated 
thyroid gland in doses of O'lO-O-lS gram per kilo, of body weight. 

W. G. 

The Acid-Base Balance in Animal Nutrition. I. The 
Effect of certain Organic and Mineral Acids on the Growth 
Well-being, and Reproduction of Swine. Alvin R. Lamb and 

John M. Evvard (7. BioL Chem., 1919, 37, 317— 328).— With the 
view of testing the ability of swine to metabolise successfully the 
lactic and acetic acids of silage, four lots of two pigs each, all from 
the same litter, were fed with ei^ual amounts of a good basal ration 
consisting of ground corn 80%, meat meal tankage 15%, standard 
wheat middling 5%. One lot served as a control and the other 
three received in addition, respectively, sulphuric, lactic, and acetic 
acids in amounts increasing gradually up to 500 c.c. of A-acid per 
pig per day during 150 days. The three acid-fed lots grew prac- 
tically as rapidly as the. control, and remained in equally good 
condition. The organic acids seemed to be completely oxidised, 
and the sulphuric acid was neutralised without apparent harm or 
significant effect on growth. An examination of the blood at the 
end of the experiment showed that neither the organic nor mineral 
acids disturbed the reaction of the blood. 

The two pigs fed with sulphuric acid were continued on the same 
ration for four to six months longer, and successfully produced 
young, but either the excessive amount of acid fed or some other 
factor prevented the successful rearing of the young. W. G. 

The Acid-Base Balance in Animal Nutrition. II. Meta- 
bolism Studies on the Effect of certain Organic and Mineral 
Acids on Swine. Alvin R. Lamb and John M. Evvaed (7. Biol. 
‘Che.m., 1919, 37, 329 — 342, Compare preceding abstract). — Meta- 
bolism studies on a growing pig fed on a ration containing a liberal 
allowance of calcium show that the animal apparently oxidised the 
organic acids (lactic and acetic) completely with no increase in 
urinary ammania, and that the acids seernerl to bring about a 
slightly increased retention of calcium. On the same basal ration 
plus 300 c.c. of A-sulphuric acid per day, 61?^ of the acid ingested 
was neutralised by means of ammonia, and 4 '6% was accounted for 
by extra urinary acidity. On another basal ration very low in cal- 
cium, extra ammonia excretion accounted for of the acid fed, 
and extra urinary acidity for 10%. On neither ration did the 
mineral acid cause a significant loss of calcium, nor did it interfere 
witli the storage of protein. W. G. 

The Mechanism of the Action of Fats in the Utilisation 
and Assimilation of Proteins, F. Mawnon {Gompt. rend., 
1919, 168, 474 — 476, Cotnpare A., 1918, i, 416). — The author con- 
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siders that the fats exercise a favourable action on the assimilation 
of albumin by intervening in the synthetic reconstitution of the 
proteins, and that in this action not only the glycerol portion of 
the fat molecule exercises an influence as already shown by 
lard, but also the fatty acid portion. Thus the fatty acids ma? 
combine with the amino- acid nucleus of a protein in formation and 
permit of the building up of a molecule, which it would not havo 
been possible to obtain simply with the amino-acids available and 
without the assistance of the fats. 'W. G. 

A Method of Expressing Numerically the Growth pro- 
moting Value of Proteins . Thomas B. Osborne, Lafayette B 
Mendel, and Edna L. Ferry (/. Biol. Chem., 1919, 37 , 223—229)' 
-From feeding experiments with rats in which the proportion of 
protein in the food was so restricted that the protein factor alone 
determined the rate of growth, the authors determined, within limib' 
the concentration which promoted the greatest gain of body weif^lit 
relative to the protein ingested by supplying foods containing dif- 
ferent percentages of protein. Tlie results indicate, in the first 
place, the necessity for employing a large number of animals. Wheii 
an animal is restricted to such a quantity of protein that a maxi- 
mum gain of body weight is made per unit of protein eaten, it 
grows at less than the normal rate. Economy in nutrition during 
growth depends on a correct adjustment between the proportion of 
protein and the total energy supplied, the optimum of protein 
being determined not only by the absolute amount furnished, but 
also by its quality. W. G. 

Accessary Factors in the Nutrition of the Rat. Arthlr 
Harden and Sylvester Solomon Zilva (Biochem. 1918, 12. 
408 — 415). — 'An antiscorbutic does not fulfil the physiological func- 
tion of the fat-soluble A when it replaces it in the diet of the rat. 
The authors confirm the observation of McCollum and co-worker? 
and of Brummond that by depriving rats of the antineuritic factor 
a dietetic deficiency is brought about, as a result of which a fatal 
termination ensues if the diet is not rectified in time. Rats subsist' 
ing on a diet containing the antiscorbutic factor as well as tie 
water-soluble and fat-soluble A factors grow letter than rats front 
the diet of which the antiscorbutic factor is absent. W. G. 


Antiscorbutic Properties of Concentrated Fruit Juices. 

Arthur Harden and Robert Robison (/. Arviy Med. Corps, 1919, 
32, 48—56), — Orange^ juice, evaporated at 40*^ under reduced pres- 
sure, gives a solid residue in which the antiscorbutic principle is 
still largely intact and remains so in a dry atmosphere at the ordin- 
ary temperature for six months. Apple jelly prepared in a Kestner 
evaporator also possesses antiscorbutic properties in a high degree, 
but is inferior to orange juice. 


Dietary Properties of the Pea (Vicia sativa). E. 

McCollum, N. Stmmonds, and H. T. Parsons (J. Biol 
1919, 37, 287— 301).— Pea proteins are of very poor quality wnen 
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fed as tHe sole source of nitrogen. Casein and zein supplement the 
dedciencies of the p«a proteins, but gelatin and lactalbumin do not. 
There is an indication of the presence in peas of some substance or 
substances which prove injurious when taken ’in large amounts, but 
the toxicity, if there be any, is but slight and only manifests itself 
when diets extremely rich in peas are persisted in over a lon^^ 
period. ^ 

From the failure of lactalbumin to supplement the proteins of the 
pea, or to induce growth when fed in the amounts used in the 
experiments described, the authors tentatively concUide that lact- 
albumin is either an incomplete protein or a }X)orly constituted one. 

W. G. 

Zinc, a Cellular Constituent of the Animal Organism. 
Its Presence and Role in the Venom of Serpents. 0. 

Delezenne {A?in. Inst. Pasteur , 1919, 33, 68— 136).— Of the zinc 
occurring in the blood of animals, the major portion is found in 
the leucocytes, a little in the red corpuscles, and practically none in 
the plasma. An examination of the different organs of a number 
of animals of different species shows that zinc is a constant constitu- 
ent of all animal cells. In the venom of serpents it is present to 
the extent of O' 31 — 0 5 6% in the venom of Co lu brides and 
O' 11—0’ 23% in that of Viperides, and is present, combined with 
organic constituents, in such a manner as not to be precipitated by 
hydrogen sulphide or separated by dialysis even in the presence of 
liydrochloric acid. It is probably combined witli a proteose rich 
in sulphur, since the sulphur and zinc contents of the different 
venoms examined varied very closely in the same direction. The 
pro[)ortion of zinc present in the venoms was found to vary in- 
versely with the proteolytic and coagulating properties of the 
venoms. On the other liand, the zinc content was found to run 
parallel with the nnoleolytic activity and the diastatic activity, 
which gives rise to haemolysis, venoms with higli zinc content show- 
ing the greatest activity in these two directions. In this con- 
nexion it should he noted that in mammals it was found that those 
organs which were richest in phcsphatides and nucleic acids had the 
highest zinc contents. 

Behaviour of the Kidneys towards some Isomeric Sugars 
(Dextrose, Lsevulose, Galactose, Mannose, and Sucrose, 
Maltose, Lactose). H. J. Hamburger and 11. Brinkman (Proc. 
K. Akad. Wetensch. Amsferdam, 1919, 21, 548— 561).— When 
Kinger’s solution containing dextrose is passed through the kidneys 
(of frogs), this sugar is detained by the glomerulus membrane 
whereas lsevulose and mannose are allowed to pass entirely and 
galactose to a large extent. Sucrose, maltose, and lact-ose also pass 
through this membrane, the last ^rfectly; the membrane is also 
permeable to raffinose. ^ ' 
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The PhyBicochemical State of the Proteins in Cow’s Milk. 

Leroy 8. Palmer and Robert G. Scott (/. Biol , Chem ., 1919, 37, 
271 — 284). — Samples of fr^h skim-milk, skim-milk preserved either 
with 5% of chloroform or 0'05% of formaldehyde, and of the lactic 
acid whey from fresh skim-milk were filtered, under pressure 
through Pasteur-Chamberland tubes, and in the filtrate the total 
protein, as precipitated by Almen’s tannic acid reagent, and the 
non-protein nitrogen were determined. The amount of non-casein 
protein recovered in the filtrate did not in any case exceed 10% 
of the non-casein protein in the original milk, and in most cases 
was considerably less than tliis figure. There was also only a partial 
recovery of tlio non-protein nitrogen of the original milk in the 
experiments with milk preserved with chloroform and fonnalde- 
hyde. These results differ widely from those of Van Slyke and 
Bos worth (compare A., 1915, i, 192). The authors consider that it 
is fallacious to draw conclusions regarding the true state of solu- 
tion of non-casein proteins of milk based on filtration studies of this 
character, since there is considerable variation in size of the pores 
of different Pasteur-Chamberland filters. W. G. 

The State of Proteins in Cow’s Milk. L. L. Van Slyke 
and A. W. Bosworth (,/. Biol, Chem ,, 1919, 37, 285 — 286. Com- 
pare A., 1915, i, 192). — A reply to Palmer and Scott (compare 
preceding abstract). W. G. 

Creatinuria and Acidosis. W. Denis and A. S. Minot 
(/. Biol. Chem,, 1919, 37, 245 — 252), — ^Feeding experiments carried 
out with two normal boys, four women suffering from hyper- 
thyroidism, and two normal women did not demonstrate any 
definite connexion between changes in acid -base equilibrium and 
creatine excretion. W. G. 


Chemistry of Vegetable Physiology and Agriculture. 


The Effect of Acids on the Growth of Bacillus coli. 

Prank John Sadler Wyeth {Biochetn. 1918, 12, 382 — 401).— 
All strains of Bacillus col \ whether of human or bovine origin, 
behave similarly when exposed to similar conditions. The degree 
of acidity of the final reaction produced by a culture of B. coli 
cannot he used for diagnostic purposes, the value not being a 
physiological constant,'’ but dependent on (a) the initial 
hydrogen-ion concentration of the medium in which fermentation 
occurs; (b) the composition of the medium, especially the degree 
to which it is “ buffered " ; (c) the nature of the acid used to pro- 
duce the initial reaction of the medium. When the amount of 
acid added is insufficient completely to inhibit the fermentation 
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of B. eoU therein a definite latency of growth results, the latencv 
increasing with the amount of acid initially added. Each acid 
has its own specific effect in inhibiting the growth of ]i coJi in a 
given m^ium, the inhibiting effect being greater as the acid is 
more highly dissociated. Eor a mixture of any given medium and 
acid, there appears to be a definite critical point, beyond whicli the 
slightest rise in the degree of acidity results in a complete inhibi- 
tion of Idle growth of B. coU. q 


Effect of Carbon Disulphide and Toluene on Nitrogen 
Fixing and Nitrifying Organisms, P. L. Gainey (/. Agric, 
1918, 15, 601— 614).— Carbon disulphide and toluene, if 
applied to soils in sufficient quantity, will destroy Asutobuder 'and 
check the accumulation of nitrates, and possibly will destroy 
nitrifying organisms. The amounts of these two antiseptics neces- 
sary to produce this effect vary widely with the conditions, being 
affected particularly by the moisture content of the soil, diminish- 
ing as the latter increases. Providing that sufficient antiseptic is 
added to have any effect on Azotohacter^ they are usually com- 
pletely destrc^ed, but, on the other hand, there is a great differ- 
ence in the amount necessary to destroy nitrifying organisms and 
that necessary to check their activity. Unless nitrification has 
been checked, there is no appreciable accumulation of ammonia 
following the treatment with these antiseptics. 

There are nitrogen-fixing organisms other than Azotohacter pre- 
sent in soils, which are not destroyed by the addition of 10 c.c. 
of carbon disulphide or toluene to 100 grams of soil, even when 
the moisture content of the soil is high. W. U. 


Production of Citric Acid by Sterigmatocystis nigra 
[Aspergillus niger]. Marin Molliasd (Compt. rend., 1919, 168, 
360 — 363). — In culture solutions containing insufficient quantities 
of nitrogen and mineral salts for the sugar present, Asperpillu.^ 
niffer produces citric rather than oxalic acid, the amount increasing 
gradually at first, and then considerably between the eighth and 
tenth days, after which it remains almost constant. Citric acid 
is noticeable from the very first, but oxalic acid only appears 
towards the end of the second day, just at the time when the 
conidiae commence to be formed, its amount only increasing very 
slowly. W. G. 

Course of the Formation of Diastase by Aspergillus niger. 

F. A. F. C. Went {Pror. E. Akad. WetenscJi. Amsterdam, 1919, 
21, 479 — 493). — Aspergillus wger was grown in the dark at 
24±0'5° in a culture solution containing 5% of dextrose, 0 5% of 
ammonium nitrate, 0'1% of potassium phosphate, and 0‘05% of 
magnesium sulphate in glass flasks, the amount of diastase present 
in the liquid and in the fungus mass being determined at first 
daily and later every two, three, or more days. The method cf 
determination consisted in ascertaining the length of time necessary 
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for the complete disappearance of the starch from a starch solution 
of definite strength mixed with the enzyme solution. The tests 
were made with a solution containing 0-0625 gram of iodine and 
0-0625 gram of potassium iodide to 100 grams of water, 1 c.c. of 
this being found to give a distinct blue coloration with 0*001 gram 
of soluble starch, or a definite reddish-violet coloration with 0 0002 
gram, in 10 c.c. of water. 

During the first days after germination of the mould spores with 
which the culture liquid was inoculated, a great quantity of diastase 
is formed in the mycelium, this being accompanied by destruction 
of the enzyme, which is at first negligible in comparison with the 
formation, but soon makes itself so evident that the total quantity 
of diastase quickly decreases from the maximum reached about fi\e 
days after the commencement of germination. Never more than a 
very small part of the total amount of the enzyme occurring in 
the mycelium passes into the nutrient solution, this being perhaps 
derived partly from dead cells. T. H. ?. 

Occurrence of Iodine in Plants. E. Winterstein {Zeiiscli. 
phpsiol. Chem., 1918, 104, 54— 58).- — The author has examined 
a considerable number of plants in respect of iodine content. The 
method employed consisted in ashing the plant in an alkaline con- 
dition and treatment of the residual mixture of salts with 95% 
alcohol, in which any iodides are soluble. The aqueous solution 
of the extract was treated with a solution of nitrosyl sulphuric acid 
in concentrated sulphuric acid in the presence of chloroform, in 
which any liberated iodine dissolved to a red solution. Test 
experiments showed that 0*04 mg. of added iodine could be detected 
in 10 grams of spinach by this method. 

Minute amounts of iodine are shown to occur in Beta vulgaris, 
Sol^nnm tuberosum, Apiiim graveolens, Lactuca saliva, and 
Daucus carota. Iodine could not be detected in the fruit, seeds, 
tubers, or leaves of Taxas haccata, Finns silvestris, P. cemhra, 
Abies pectiiwta, Zea Mags, Onjza sailva, Avejui saliva, Hordevm 
sativmn, Secalc cereafe, Tnticum sdfivum, Allium cejxi, Vagus 
silvaiica, Castauen vesca, (Umnahis saliva, IJrtica (Tioica, Pohj- 
yonum fagojn/nun, Spinacea oieracea, Lejndium sativum, Riles 
yrossulana, Pints vudus, P. communis, Prnnus ccrasus, jAipimts 
(ilbus, 7 j. angustifolius, Trifolium praiense, Yicia sativa, Pisim 
sativum, Soja liispida, Phaseolus vulgaris, Vitis viivijera, Slachys 
tuherifera, Curcurhiia pep"', or Aescidus hippocastanum., or in the 
following fungi: Cantharellus cibarius, Boletus edulis, Agarictis 
campestris. 

Iodine could not be detected in eight samples of milk, in five 
varieties of cheese, or in cow’s urine. H. W. 

Chemical Composition of Agave americana, L. The 
Chemistry of Succulent Plants in General. Julius I^ellner 
(Zeitsch. physiol. Chem., 1918, 104, 2 — 10). — The leaves of Agave 
amencaTia, L., have been submitted to chemical examination along’ 
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the usual Hues. The fresh leaves are remarkable for their hi^h 
water content. For examination, the air-dried material was taken 
The light petroleum extract (1*03%) contained fat, chlorophyir 
and wax; the ethereal extract (0'74%) consisted of waxy matte/ 
The aqueous' extract (5075%) was composed of amorphous carbo- 
hydrates (12*00%), sugar (calculated as dextrose, 12’68%) malic 
acid (about 8%), free acid (as H ions, 0‘02%), ash other 

matter, such as small amounts of peptones, amino-acids, etc. Vabout 
10%). The portion insoluble in indifierent solvents contained crude 
cellulose, including bast fibres (17*85%), pentosans (7 '44%), 
methylpentosans (l'0i%), pectin, hemicellii loses, oxalate (about 
ia%), mineral matter (4'82%), crude protein (3*25%). 

The results are compared with those obtained from the examina- 
tion of other succulent plants so far as the data are available. 
The high content of water-soluble substance, of calcium makte, of 
pectinous matter, and probably of sugar appears to be characteristic 
of the class, but it is not possible at present to decide whether the 
poverty in nitrogen and iron is a general featiire. Further, it 
would appear that a volatile substance, probably an aldehyde, is 
frequently present in this class of plant. H. W. 

Is Selenium Present in the Vegetable and Animal 
Organism? E. Fritscu {Zeitsch. physiol. Chm., 1918, 104, 
o9-“64). — According to Gassmann (A., 1916, i, 772; 1917, ii, 540), 
selenium is to be regarded as a definite constituent of the human, 
vegetable, and animal organisms. The author, however, considers 
that the methods on which Gassmann relies cannot give trustworthy 
results. He has therefore examiiled the question further, and has 
been unable to detect the presence of selenium in thirty -five samples 
of spinach, clover, corn, potatoes, or bones. The method adopted 
consisted of ashing the plant in the presence of sodium carbonate 
and sodium nitrate, and finally obtaining any selenium present as 
a solution of selenioiis acid in concentrated sulphuric acid ; in this 
solution, the presence of selenium is detected by the green to 
bluish-green coloration with codeine, or the intense yellow colora- 
tion with colchicine. Test experiments showed that 2'-0’5 mg. of 
selenious acid could be detected in 30 — 50 grams of plant material 
in this manner. 

Selenium does not appear to he present in mine oi* bones. 

H. W. 

The Microchemical Detection'iand the Distribution oi 
Soluble Oxalates in the Vegetable Kingdom. H. Molisch 
(F/om, 1918, U— 12, 60—70; from Physiol Alstr., 1919, 3, 540). 
—The methods employed by the author to ascertain the presence 
of soluble oxalates in plants were precipitation with (1) saturated 
alcoholic sodium hydroxide; (2) saturated alcoholic potaasium 
hydroxide; (3) lead acetate; (4) barium chloride. Two hundred 
and forty plant species were examined. Soluble oxalates were 
found frequently in the phanerogams, and the following families 
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contained large quantities: Polygonace®, Chenopodiace^, 
Amarantace®, Aizoaceae, Begoniace®, Milostomace®, Oxalidese, 
OannaceeS; and Marantace®. W. G. 

Spectrograpliic Study of tho Asfi®® Muriuo Plants, 

EuGiiNE CoRNEC (Gomp, Ttnd.y 1919, 168, 513—514). — From a 
spectrographic study of the ashes of Laminaria^ the pi^sence of 
the following elements was shown : Group I, silver, arsenic, cobalt, 
copper, manganese, nickel, lead, and zinc; Group II, bismuth, tin, 
gallium, molybdenum, and gold; Group HI, antimony, germanium, 
glucinum, titanium, tungsten, and vanadium. The elements of 
Group I have previously been detected in marine plants, those of 
Group II in sea-water, whilst those of Group III have not been 
previously reported as occurring either in sea-water or in marine 
.plants. Gold, bismuth, germanium, and gallium were only present 
in spectrographic traces in the ashes examined. W. G, 

Application of the Biochemical Method to the Study of 
the Leaves of Hakea laurina. Extraction of a Glucoside 
(Arbutin) and of Quebrachitol. Em. Boxjrqoelot and H. 
HtossEY {Comp, rend., 1919, 168, 414— 417).— From a study of 
the rotation of an extract of the leaves of Hakea Jaurina, R. Br., 
made by alcohol, after subsequent defecation and removal of the 
alco'hol, first directly and then after the action, first, of invertase, 
and secondly, of emulsin, the authors show the presence of sucrose, 
of two glucosidea, and of a laevorotatory substance, not hydrolysable 
by emulsin, in the leaves. By the use of suitable solvents they 
have isolated quebrachitol and arbutin in their crystalline forms 
and characterised them. 

Ovalbumin Constitutes aiComplete Food for Isaria densa. 

Marin Molliard {Comp, rend., 1919, 168, 523 — 524).--Ovalbu- 
miu, prepared from the commercial material by solution in water 
and ’subsequent coagulation })y beat in such a manner as to obtain 
it as a very finely flocculated mass which is filtered off and strongly 
pressed, satisfies all the nutritive requirements of hana dr.nm. 
The phenomena of intense oxidation of ovalbumin give rise in a 
very low respiratory quotient and the formation of oxalic acid. 

^ W. br. 


The Microchemical Reactions and Localisation of the 
Alkaloid of Isopyrw A thalictroides, L. Maecel Mieasm 
(Compt. rend., 1919, 168, 316 — 317).— The author gives a numlier 
of microchemical tests for detecting the presence of the alUioio, 
isopyrine, in the plant cells, and shows that it occurs, in the case 
of Isovurum thalictroides, principally in the subterranean orga 
which are at all seasons very rich in the alkaloid and to 
extent in the green aerial organs. [See, further, J. Soc. ^ „ 

1919, 197a.] ' 
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Reversal ol Spectrum Lines Producnri , q , 

Water. Toshikazu Mashiho (Mm Coll <?.- • under 

1019 s 7t— yq^ * r", ■ hoto.Imp. UniiK 

1918, a, li—iy).~Lhe spectra of aluminium, zinc cadmf,,,,, T 

mercury, prc^uced by sparkmg between poles of this mZlVde 
water, have been exammed down to X=1850pp, It is shown “hit 
certain of th^e Imes «e reversed by this pr^ess; in the case o 
aluminium the lines U 1930, 1935, 2205 2210 22(53 oofis Im- 
2373 2567 2575, 2653, 3661, 3082,’ 3093. ’and akipar re've^^’ 
With zinc the lines AA2026, 2062, 2087, 2097 2102 ^>105 

S' S' Si '1st ”1,""'" *i- Si- » ilS 

111. li.= llsisi .nd SdiiJrL'mS " “ "iTs"’ 

Efiect of an Electric Field on the Spectrum Lines ol 

Heli^. II. Toshio Takamine and Noboko Kokdbo (ifem. Coil. 

Sa Kyoto. Imp. Umv., 1918, 3, 81-92. Compare A., 1917 ii 4011 

electric’ fields 

(3000—70,000 volt per cm.) on the helium lines AA4169 4144 
4026, 4009, 3965, 3868, 3830, 3820, 3614, 3448, and 2945 has been 
examined and the results compared with those of Stark, Bruiietti 
and Koch. It is shown that helium lines are ejected in three way^ 
by an electric field, ^ (1) symmetrical resolution (A 4686), (ii) non- 
symmetrical resolution (diffuse series of lines of helium and par- 
helium), (ill) one-sided displacement (principal series lines and 
sliarp senes lines of helium and parhelium). In the last-named case 
only the lines belonging to the principal series of parhelium are 
displaced toward the violet, whilst the other three series lines are 
displaced toward the red. Diffuse series lines are usually accom- 
panied by an isolated component on the violet side, the starting 
point of which approaches more nearly to the initial line as the tenn 
number increases. The line A 3830, the position of which was cal- 
culated by Koch, but not observed by him, appears in the photo- 
paphs of some of the present experiments. Two lines, A 2804 and 
1482 A.U., which are probably due to mercury, were also found to 
be displaced slightly towards the red in an electric field. J. T. S. 


Investigation of Extreme Ultra-violet Spectra, with a 
Vacnum-grating Spectrograph. J*. C. McLennav and R. J. 
Ung {Proc. Roi/. Soc., 1919, [4], 95; 258— 273).— A preliminary 
paf^r, in which a full /description of a v^niHn-grating spectrograph 
designed and made the Adam Hilger Company is given. The ’ 
theoiy of the concave grating is developed, and the experimentaT 
details for determining wave-lengths by means of this instrument 
are described. A short summary of the previous work in the 
extreme ultra-violet region precedes a description of the various 
VOL. cxvi. ii. 6 



li. 126 


AfiStitACTS OB’ CHEMICAL EaPEHS. 


typos of arcs used in the present examination of the extreme ultra- 
violet spectra of mercury, copper, iron, and carbon. The spectra 
were photographed on Schumann plates made by Hilger, and the 
wave-lengths are measured to within one Angstrom unit. In the 
case of mercury nine lines appear in the photograph, lying between 
A = 2054 A.U. and A = 1435 A.U.; with copper thirteen lines appear 
between A = 2243 A.U. and A = 1925 A.U.; in the case of iron 
twenty-seven lines are found between A=2027 A.U. and A = 1427 
A.U. ; carbon shows twenty-eight lines between A = 2023 A.U. and 
684 A.U. Photographs of all the spectra are reproduced in the 
paper. S. 

Emission and Absorption in the Infra-red Spectra o! 
Mercury, Zinc, and Cadmium. Raymond C. Dearle [Proc. 
Hoy, iSVic., 1919, [A], 95, 280 — 299). — The absorption spectra of 
mercury, zinc, and cadmium have been measured in the infra-red 
region; for the region up to 8500 A. the spectrum was photo- 
graphed, whilst above this wave-length a linear thermopile and 
galvanometer were used. The light was obtained from a mercury 
amalgam lamp of the Heraeus type ; the amalgam consisted of 60% 
mercury, 20% lead, 20% bismuth, J% zinc, and \% cadmium. In 
some cases an arc of the metal in a vacuum was employed. For the 
energy measurements a 100 volt Nernst glower was used. In the 
case of mercury absorption bands A = l'014/i, 1‘038 ju, 1’065/i, 
r089 p, 1*129 p, 1*160 p, 1*207 p, and 1*359 p were observ^. Energy 
measurements were made in the region 1*2 — 1*5 p, the only absorp 
tion band observed lying at A = 1*359 p. No absorption was shown 
in the case of the energy measurements of zinc until the tempera- 
ture had been raised to 275°. At this temperature absorption was 
observed at A = 1*105 ; in the longer wave-lengths evidence was more 
difficult to obtain, but indications of absorption were obtained at 
AA 1*379 p, T.41p, T57 p, and 1*65 p. With cadmium vapour 
absorption was found at A = 1*040 p, which is the first line of the 
series v = (2‘5iS')-(w,/^); a second strong absorption band occurs at 
\= 1*503 p, whilst less marked absorption occurs at AA = l*129fh 
1*395 p, 1*4475 p, T522 p, and 1*563 p. By the photographic 
method a line was observ^ at 6977*4 A. in one series of experi- 
ments, but this line could not be reproduced. Some absorption 
experiments were carried out with a quartz cell containing cadmium 
iodide ; it was found that there was no absorption in the visible and 
ultra-violet regions at comparatively low temperatures, but witb 
increased temperature a broad band was observed which extended 
from the limit of the ultra-violet end of the spectrum up to a wave- 
length of about A =4000 A, Attempts to resolve this band failw. 
In the longer wave-lengths no absorption was visible at wave-lengths 
characteristic of the cadmium spectrum. Energy measurements 
made in the long wave-length region above A = r0p showed tne 
presence of an absorption band at A = T040 when the temperature 
of the cell was above that necessary for, dissociation. The emisswB 
and absorption curves obtained by bombarding mercury vapou 
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with electrons with the object of producing the single line spectra 
are given. J. F. S. 


Characteristic Ultra-red Vibrations of Diatomic Crystals. 

M. Born {Phyzikal. Zeitscfi.j 1918, 19, 539 — 548). — A mathemati- 
cal paper; in which the relationship between the constants of a 
diatomic re^lar crystal grating is considered. The influence of 
electrons on the index of refraction in the ultra-red is also con- 
sidered mathematically. The results obtained are applied to 
crystals of rock salt, sylvine, potassium bromide, potassium io<lide, 
pyrites, fluorspar, and sodium chlorate. J, F. S, 


AbBorption Spectra and the Ionisation Potentials of 
Calciunit Strontiimir ^d Barium. J. C. McLennan and 
J. F. T- Young (Proc. Roy. Soc., 1919, [.1], 95, 273— -279).— The 
absorption spectra of calcium, strontium, and barinm have been 
determined, and from the values of the wave-lengths the ionisation 
potential of these elements calculated. In the case of calcium a 
hollow carbon filled with metallic calcium was used, and it was 
observed that the reversals were confined entirely to those wave- 
lengths which were members of the series v=(r5,*S^)-(OT,/'); as 
riven by Lorenser (Inaug. Diss.) these are : 

L, 

A = 4226-91 2721-77 3298-66 2275-60 2200-8 2151 00 


m = 8 . 

\ ^ 2118-99 


9. 

2097-8 


10 . 11 . 

2083-2 2072-8 


In the case of strontium the sulphide was employed instead of the 
metal, and the wave-lengths for v~(V5,S)-{m,F) also accord with 
tliose of Lorenser. The fallowing were found : 

7n - 2. 3. 

\ = 4607-52 2931-98 2569-60 2428-16 23u4-40 

A = 2307-5 2275-.5 2253-5 2237-4 --6-0 

In the case of barium the oxide was used, and by noting the 
reversals nine members of the series v = (155) — (fu, ) weie o 
tained ; these are : 


2. 3, ^- 

A - 5535 3275 2845 

V - 10864-6 30534-4 35149-4 


5. fi- 

2597 2542 

38502-1 39339-1 


m- 7, 

A - 2498 
1/ = 40032 


8 . 

2470 

40486 


9. 10. 

2455 2441 

40733-2 40966-8 


From the limiting frequencies of the angle series of *jli» 
the following ionisation potentials of the vapo , . a.q 

calculated: Lrcury, 10'45 volte; zinc 9' volte; c.dm^ 9 0 
agnesium, 7-65 volte; calcium, 6-12 volts; stront.um, 5 7 


volts; magnesium, . 

volts; and barium, 5'2l volts. 


J. F, S. 

5-2 
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Changes in Spectrum Intensity and Weakenij^ oi % 
Iodine Fluorescence by means oi a Magnetic Field, y 

Steubing (AfiTt. Physikj 1919, [iv], 58, 55 104). In a previoiu 
note (Verh, deut, physikal. Ges., 1913, 1181) it was Biiown tbat ; 
when fluorescent iodine vapour is brought between the poles of j | 
powerful electric magnet, the intensity of the fluorescent \^\\ ] 
is greatly diminished. The present paper deals with the investig^ j 
tion of this phenomenon. The light changes have been investigated i 
spectrophotometrically and spectrographically, and a series of ! 
energy measurements have also been made. It is shown that it ^ 
has been impossible to attribute the weakening of the iodine 
fluorescence to any definite cause, but that it depends on the action 
of a magnetic field on the electron vibrations which give rise to tho 
emission of a band spectrum. The efiect is greater with the higt^ 
frequencies than with the lower, and, further, the magnetic field 
has a more pronounced action the greater the vibration amplitude 
during the emission. The present phenomenon, therefore, has 
nothing in common with other processes which diminish or destroy 
fluorescence. The magnetic action has little to do with the actual 
fluorescence, and the same effect is to be expected if the same band 
spectrum is produced in some other way j it is to be expected that 
the maf^uetic weakening will take place more easily the greater the 
energy^^per molecule with which the emission occurs, and consf 
quently an electrically produced spectrum will be corresponding!; 
more strongly weakened by weaker magnetic fields. J. P. S. 


The Magnetic Field and the High Frequency Spectm 
of the Elements. Rita Beunetti {Nuovq Cm., 1918, [vi], 16, ii 
5_„18\ —Assuming that the action of a magnetic field results ii 
decomposition of high frequency radiations, the results of tin 
author’s experiments show that the ordinary means of specta 
analysis would be insuSicient to reveal directly such decompositiM 
if the latter were of the type and order of magnitude of the Zeemai 
phenomenon. None of the theories on the emission of high in 
quency radiations excludes the possibility of a decomposition pro 
duced in this manner. The lines of the K spectrum for iron, nickel 
and copper are found by the curved crystal method to be donble 
the mean difference between the two components being 8/1000 am 
11/ 1000 Angstrom units for the a and 0 lines respectively. Rt 
qualitative modification of any kind is exhibited in the characto 
istic spectra of ► )ese elements under the influence of magnehc field! 
of moderate magnitude and degree of variation. T. H, P 


Light Positive and L^ht Negative Photophoresis [» 
Connexion vrith] Sulphur and Selenium. Irene Pabansiw 
(Ann. Phystk, 1918, [ivl, 57, 489-518).-It has been shown ? 
Ehrenbaft (ibid., 1918, 56, 81) that particles ot matter fall 
the action of gravity, but rise, in an electric field ; Mme pa ‘ 
when subjected to a strong beam of light are deflect^, m m® , 
zental direction, from their original path. Thus sulphur pa 
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move m the directaon opposite to that of the beam of light flight 
ne^ve); s^eni™ under some conditions mol ii |he 

direction of the beam of light (light positive). The present paper 
13 a <»nt,nuation of this work, and deals with the dependence of 
the photophoresis on the chemical nature of the particles the 
intensity of the light, pressure of the surrounding medium and the 
size of the particles. The work has been carried out with sulphur 
and selenium particles of radius 8-60xl0-fi cm. The metWs 
adopted in the investigation were similar to those emploved by 
Ehrenhaft. It is shown that sulphur particles are . always li^ht 
negative, whereas selenium particles are either light negative or light 
positive, depending on the duration of heating in the production 
of the particles. The light negative photophoric force on selenium 
particle is approximately six times as great as the force of the 
same light on sulphur particles of the same mobility. The 
intensity, with which particles of a given material react on the 
light, is dependent on the size of the particles. The negative photo- 
phoresis shows its maximum action on sulphur particles of radius 
27 X 10"® cm., and on selenium particles of radius 15 x 10 cm. The 
photophoric force on sulphur and negative selenium is independent 
of the time, whilst with positive selenium it is a function of the 
time. The power of reaction on the light of positive selenium 
decreases with time. The photophoric force is independent of the 
surrounding gas and also of the pressure. The independence of the 
photophoric force on the pressure, the chemical nature of the sur- 
rounding gas, the decrease of the positive reaction of selenium par- 
ticles which is due to an internal change of the selenium, and, 
further, the fact that particles of different materials, but of the 
iame mobility, are very differently acted on by light, all tend to 
confirm the conclusion of Ehrenhaft that the action is a direct one 
bf the light on the material. J. E. S. 


[ Z-Ray Spectra and the Constitution of the Atom. II. 

U "Regard {PhiU Mag., 1919, [vi], 37, 237 — 280. Compare A., 
[918, ii, 144). — A theoretical paper, in which the process of recom- 
bination of the primaries is discussed, together with some of the 
bnsequences which follow from them. Calculations are made of 
me quant-number and the number of electrons of the ring systems 
tom the observed frequencies. The possibility of there being two 
i and two M rings is considered. It is shown that whether recom- 
ination is assumed from a normal or deformed primary system, or 
ecombination from a secondary one, it must be assumed that the 
ngular momentum of the electrons left behind in the atom remains 
Jichanged; and further it must be assumed that tlie changes of 
liergy of the systems situated between the broken ring and the 
ing of departure enter into the energy quantum of radiation 
hich is emitted as the result of recombination. On the basis of 
10 theory of the production of X-rays developed by the author it 
«st follow that recombination takes place from secondary systems, 
id that always the angular momentum of the electrons left behind 
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in the atom is kept constant during expulsion and recombinatioji 
A number of relationships of the atomic constitution and proper- 
ti^ of the atoms are given. All elements belonging to the same 
period of the periodic classification have the same quant-number, 
and this number increases by one unit on passing from one period 
to the next. F- S. 


Radioactivity and the Coloration of Minerals. Edgar 
Newbery and Hartley Lupton {Mem. Manchester Phil . Soc., 1918, 
62, No. 10, 1 — 15). — The colours obtained on exposing various 
substances to the action of the jS- and y-rays of radium, and some- 
times to the a-, j8-, and y-rays of the radium emanation, ate 
recorded. Various differently coloured fluorspars, owing to their 
wonderful range of colours and remarkable Thermo^luminescence, 
proved the most interesting, the changes produced by radium being 
so varied as to be bewildering. A colourless Matlock fluorspar after 
twenty-four hours' exposure to 50 mg. of radium became blue, 
deeper than a copper sulphate crystal, the colour being permanent 
in the dark but destroyed by direct sunlight, or, more slowly, by 
daylight and by gentle heating, but the fluorspar may be recolourei 
by radium indefinitely. Under cathode rays, only a faint purple 
surface colour was produced. The blue colour is probably due to 
the y-rays, as it penetrates right through the crystal. The thermo- 
luminescence was green and feeble, but a Pyrenean fluorspar, not 
coloured by radium, gave a remarkable and lasting green light on 
heating, even though only exposed 150 mm. away from the radium. 
The thermo-luminescence of Cornish chlorophane is to be ascribed 
to y-rays from radioactive materials. On crystal quartz there wa? 
no sign of the “ rotting” produced by radium rays in fused quartz. 
The natural colours are discharged by heating, but may be restored 


by radium. 

Clear selenite crystals were coloured brown in regular figures, 
the remaining parts being colourless, a phenomenon which Miers 
explains by certain faces of the crystal during growth attrAting 
impurities, to which the colour is to be ascribed. Among other sub- 
stances examined were diamond, native sulphur, cryolite, rock-salt, 
sylvine, ruby, anhydrite, celestine, barytes, anglesite, apatite, phos- 
phorite, topaz, zircon, beryl, kuiizite, calcite, glass, and bakelite, 
an artificial amber-like material used for electric insulation. The 
view that the colours are due to dissociation of minute traces of 
impurities and the -uminescence to the recombination of the prfr 
ducts of dissociation is favoured. F. S. 


Dependence on Temperature of the Dielectrw Constant 
of some Gases and Vapours. Mario Jona (Physical Zeifscu 
1919, 20, 14—21). — The dielectric constant of air, carbon dio.xme, 
ammonia, sulphur dioxide, methyl alcohol vapour, and ^ 

been measured at a series of temperatures from 17 8° to < 
Curves of the variation of the constant with temperature are giveP. 
and the significance of the curves is discussed mathematical 
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Significance of the Volta Efiect in Measurements of 
Electromotive Equilibria.‘ A. Smith and J. M. Bwvokt (Proc. 
K. Akad. Wetemch, Amsterdam, 1919, 21, 562— 569).— Applica- 
tion of the more recent views of electromotive equilibria to the 
Volta effect leads to the result that, on polarisation and passiva- 
tion, the change in this effect must be great, and that in these 
phenomena the Volta effect would constitute even the greatest part 
of the total change in the electromotive force. It is found, further, 
that if the Volta effect between metals in which the state of 
internal equilibrium prevails are really very small, as is rendered 
probable by recent experimental work, this must be regarded as a 
characteristic property for metals in internal equilibrium. 

The values found on measurement of potential differences for 
metal-electrolyte, termed experimental electrical potentials, always 
contain an unknown Volta effect, and it is this which renders 
impossible calculation from the said potentials of the saturation 
concentrations of the metal ions. 

Relations have been derived which contain the solubility pro- 
duct of the metal, the solubility quotient of the non-metal, or the 
electron concentration in the electrolyte, but nob the Volta effect, 
and these permit of the preparation of a solubility product series 
of metals and a solubility quotient series of non-metals, from which 
conclusions may be drawn as to the chemical and electrochemical 
behaviour of the metals. T. H. P. 

Hydrogen Overvoltage. Duncan A. MacInnbs and Leon 
Adler {J . Amer. Chem. Soc., 1919, 41, 194— 207).— None of the 
theories advanced to account for overvoltage, with the exception of 
that of Mdller (A., 1909, ii, 114), attempts to explain the great 
influence exerted by the physical condition of the electrode on the 
overvoltage, a polished platinum electrode, for instance, showing 
an overvoltage as high as 0*1 volt, whereas that for platinised 
platinum is nearly zero. The authors have made a number of 
meSasurements of hydrogen overvoltage with platinised platinum 
electrodes, use being made of an apparatus resembling, but differ- 
ing in detail from, that of Thiel and Breuning [Zeiisch. anorg. 
Chem., 1913, 83, 329). With such low currents that one bubble 
of hydrogen appears in one or more minutes, fluctuations in the 
overvoltage are observed, the curve connecting overvoltage with 
time being sinuous with a sharp break invariably following the 
highest voltage. At low current densities, the bubbles come off 
at one point and continue to do so, no matter how long the observa- 
tions are continued, so that each bubble probably leaves a nucleus 
behind it when it becomes detached. 

In explanation of these results, it is assumed that molecular 
hydrogen, when formed from hydrogen ions by the reaction 2H+ + 
26= H 2 , goes directly into solution in the electrolyte immediately 
surrounding the electrode, so that the hydrogen at that point will 
tend to rise in concentration and produce a supersaturated solu- 
tion unl^ carri^ away by diffusion, stirring, or other means. Ifj 



ii. 132 


ABSTRACTS OF CHEMICAL PAPERS. 


however, a nucleus of gaseous hydrogen is present in the electrode 
a portion of the hydrogen will enter this gaseous phase, either 
directly from the electrode or by absorption from the electrolyte 
the gaseous nucleus thus playing a part similar to that of a smali 
crystal in a supersaturate salt solution. Hydrogen gas in the 
form of small bubbles must have a higher energy content per mol. 
of gas than the same volume of undispersed gas, as energy must 
be expended in overcoming the surface tension in the formation 
of small bubbles. Such bubbles will be more soluble, that is, will 
remain in equilibrium with more concentrated dissolved hydrogen, 
than the undispersed gas, this phenomenon being analogous to the 
increase in solubility produced by the fine grinding of solids. 
’Since, other factors being constant, the potential at a hydrogen 
electrode depends primarily on the concentration of the dissolved 
hydrogen, an electrode in equilibrium with the small hubbies will 
reach a higher potential than a similar electrode in equilibrium 
with the undispersed gas. As electrolysis proceeds and the nucleus 
of gaseous hydrogen grows, the energy necessary to produce further 
growth must decrease, since the value of the ratio, increase in 
surface; increase in volume, is continually decreasing; if the bubble 
grows slowly, the hydrogen-bearing solution surrounding the elec- 
trode will tend to get into equilibrium with the bubble. This 
accounts for the decrease in overvoltage from a maximum point of 
the sinuous curve to a minimum point, where the buoyant effect 
of the solution is sufficient to overcome the attraction of the elec- 
trode for the bubble, which breaks away, leaving a nucleus behind. 
On the rising part of the curve, the concentration of the dissolved 
hydrogen is increasing to a value such that the nucleus can again 
grow, and so on. As the bubbles are not always evolved at the 
minimum points of the curve, it seems probable that, since the 
nuclei tend to form in depressions in the electrode, the bubbles 
that separate from the nuclei remain in these depr^sions until 
forced out by the growth of succeeding bubbles. 

If the electrode can adsorb large hydre^en gas nuclei to start 
bubble formation, the supersaturation cannot rise to high values 
and the electrode will have a low overvoltage; metals with small' 
adsorptive powers, however, hold small nuclei and have high over- 
voltages. 

Support of the above explanation is furnished by microscopic 
examination of various electrodes when evolving hydrogen, this 
indicating experimental agreement with a theoretical quantitative 
relation between the sizt^f the bubbles from, and the overvoltage 
of, platinised platinum electrodes. Further, theory indicates that 
the overvoltage should increase as the pressure decreases, and this 
is shown to he the case by the authors^ results and also hv un- 
published work of H. M. Goodwin and L. A. Wilson. T. H. P- 

The Modality of Reactions and Chemical D3rnRznic^i 
Application to the Phenomena of Electrolysis and Spectro- 
scopy. J. Meunier (BjiR Soc. chim,, 1919, [iv], 25, 49 — 68).-Thfi 
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chemical dyn^cs are the same, in principle, in the different forms 
of electnc cells which only differ amongst themselves in their com- 
plex and vanable, secondary reactions. There is the same analonv 
in 'the production of spectral rays. The appearance of rays in the 
spectrum does not characterise, as is usually stated, an element 
hut rather a reaction of this element, and consequently indicates 
the presence of another element reacting with it. W G 

Theory of Specific Heat. II. Walter Jankowskv 

Elektrochem., 1919, 25 , 1—3. Compare A., 1918, ii, 59).— The 
author answers the criticism of Drucker (A., 1918, ii/ 216) made 
in connexion with the earlier paper, and a further development 
of the theory of specific heat is contributed. It is shown that the 
statement that the change of the specific heat with temperature 
disproves the law of Dulong, Petit, and Joule is incorrect, for in 
every case regular relationshipB exist between the specific heat, the 
number of atoms, and the molecular weight. J, F. S. 

Specific Heat Determinations at Higher Temperatures. 

Walter P. White {Amer. J. Sci., 1919, [iv], 47, 44— 59).— In 
determining the specific heats of various substances at temperatures 
up to 1400^ by the method of mixtures, the errors in the final result 
frequently approach one part per thousand even with precise work. 
The chief sources of error are: (1) the determination of tempera- 
ture in the furnace, (2) the loss of heat during the dropping of 
the charge, (3) the exposure of the calorimeter to the atmosphere 
during the drop, (4) the effect of external conditions on the calori- 
meter, and (5) internal effects, such as auxiliary changes in the 
interior of the calorimeter after the drop. 

Of these errors, the variability of the heat losses attending the 
dropping of the hot substance into the water is surprisingly great 
and should be prevented. , 

Modifications in furnaces and in methods of transference to the 
calorimeter are described in detail. [See, further, J. Soc. Chem. 
W., 1919, 158a.] a. B. S. 

Specific Heats of Silicates. II. . Walter P. White [Amer. J. 
Sci., 1919, [iv], 47, 1—43. Compare A., 1909, ii, 966).— The 
specific heats of various silicates at various temperature intervals 
from 0 — 1400° were determined, using the method of mixtures, with 
greater precision than hitherto. 

For quartz and silica glass, the values of the interval specific 
heats satisfy the expressions: 


Quartz 0'1685 + 0-000194e-0'0000001ifl'‘ 

Silica glass 0- 1670 + 0-000189ff - 0 0000001250* 


The ‘‘instantaneous,” or true atomic heats, rise regularly from 
about 3-5 at 0° to about 5-96 (with anorthite to 6-6) at 1300°, the 
value given by the classical kinetic theory. 

The variations of the atomic heat from the theoretical constant 

6 * 
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are due partly to secondary thermal effects connected with ex- 
pansion, change of state or chemical action, and partly to the 
universal tendency towards a maximum value at a high tempera- 
ture. The location of the development curve agrees approximately 
wiHi the values of the atomic vibration frequency, calculated from 
the known properties of the atoms. 

The difference in the value of the elements and compounds shows 
that it is not a property of the atom, but appears to be related 
to the combined oxygen. 

The calculated specific heat of silica glass at constant volume 
and that at constant pressufe are equal, but the actual heat- 
temperature curve of silica glass above 600° is above the theoretical 
value; that of the cristobalite is identical with the theoretical 
curve at 900°, but then rises above it. With albite and microcline 
the specific heat at constant pressure is considerably above the 
specific heat at constant volume, and this confirms the evidence 
that the theoretical value of the dimension constant A in the 
expression C^—Cv—[A(^aY@yKd is exceeded at high tempera- 
tures. 

On comparing the specific heats of various silicates in the crystal- 
line and glassy form, respectively, it was found that the specific 
heat of the glass is seldom greater than that of the crystal. 

A. Smits’ attempts to correlate inversion with equilibrium- 
temperature changes in liquids or liquid and solid systems have 
been examined with negative results, and it is suggest^ that pre- 
mature fusion due to impurities and sluggishness of transformation 
account for the observed phenomena. 

The conclusion is drawn, from the expansion and specific heats of 
solids being much less anomalous and irregular than those of 
liquids, that the molecular changes in solids are of a different order 
of magnitude. The author partly agrees with Bridgman that there 
is no relation between the volume, specific heat, and cohesion of 
pre-inverted and inverted substances, but considers that the change 
of properties during inversion, although rapidly accelerated at 
times, is nowhere sudden and discontinuous. 

The observed difference in the atomic heat of different crystal- 
line forms of the same substance is so irregular that similar 
differences with substances of unlike composition must be inter- 
preted cautiously, [See, further, J. Soc. Chem. Ind,, 1919, 140a..] 

A. B. S. 

Specific Heat of Aqueous Solutions with Special Reference 
to Sodium and Potassium Chlorides. W. R. Bousfield and 
C. Elspeth Bousfield {PhiL Trans. ^ 1919, [A], 218, 119—156). 
— ^The specific heat of aqueous solutions of sodium chloride and 
potassium chloride of various concentrations has been determined 
by the same method and using the apparatus previously described 
(A., 1911, ii, 580). In each case, the mean specific heat over the 
temperature ranges 0 — 13°, 13 — 26°, and 26 — 39° was determined. 
The results of the present work indicate that the specific heat and 
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specific volume of the combined water may be treated as approxin.- 
ately conatent and the lowering of the specific heat and specific 
volume of the free water on the introduction of a solute are each 
proportional to the percentage concentration of the solute In 
dilute solutions, the specific heat curve approximates to that of 
water, which has a minimum at about 25°. In concentrated solu- 
tions, the variation of the specific heat with temperature appears 
to follow an almost straight line law. This behaviour is attributed 
to the simplification of the water by a considerajile destruction of 
ice and steam molecules, and is analogous to the correspondinr 
phenomenon noted previously (Bousfield and Lowry, A., 1905' 
ii, 13 d). The relationship {dQjdQ\^-L[dy^l(J}l)^ is found between 
the heat of dilution and the contraction. The following coustanb^ 
have been derived: (i) for potassium chloride: the specific heat of 
the liquid solute, 1*655; the molecular heat of the liquid solute, 
123*4; (ii) for sodium chloride: specific heat of the liquid solute^ 
2'433, and the molecular heat of the liquid solute, 142*1. The 
number of molecules of water combined with a molecule of solute 
is calculated for various dilutions. * J, Y. S, 


Neumann-Kopp’s Law. Friedrich BOrki {Helv, Chim. Acta, 
1919, 2, 27 — 38). — For a number of the elements, the difference, 
Op-Cvy between the atomic heats at constant pressure and at 
constant volume has been calculated by means of the formula 
Cp~C^Ta^V I iVS9x cal., where V is the atomic volume, a the 
coefficient of cubical expansion, and x the coefficient of compressi- 
bility; for chemically related elements, the differences • are, as a 
first approximation, the same. 

In the case of the haloids of the elements of the first group of 
the periodic table, the Neumann-Kopp law is more exactly fulfilled 
for molecular heats at constant pressure than for molecular heats 
at constant volume. C. S. 


Determination of Melting Points by means of Electric 
Heating. Siegfried Laurens Malowan {Zeitsch. angeto, Chem.y 
1919, 32, i, 16). — ^Two tesLtubes are fastened concentrically one 
inside the other, leaving a small air-space at the sides and 15 mm. 
between the bottoms of the tubes. The inner tube is provided 
with a two-holed rubber stopper, one hole for the thermometer, the 
other for slipping in the melting-point tube. For making a melt- 
ing-point determination, the apparatus is fixed with the bottom of 
the outer tube 5 mm. inside the mouth of a small electrically 
heated Heraeus crucible furnace. It is claimed that the tempera- 
ture control is better and the results more accurate than with the 
usual forms of melting-point apparatus, and, in addition, the whole 
apparatus can be very quickly cooled. F. H. R. 

Boundaries of Existence of the Liquid State. 0. Bkuni 
{Atti R. Acead. Lined, 1918, [v], 27, ii, 394— 397). —The author 
criticises the conclusions drawn by Herz (A., 1918, ii, 150), who. 
like Meyer (A., 1918, ii, 292), has overlooked the fact that the true 

6*^2 



ii. 136 


ABSTRACTS OF CHEMICAL PAPERS. 


mating point (triple point, aolid-liquid-vapour) does not ddimit 
the liquid state at its lower boundary, the melting point varying 
with the pressure. Herz considered only twenty-two out of eighty- 
eight elements, and his deductions have neither theoretical bearing 
nor empirical confirmation. T. H. P. 

Application to Eight Different Substances of the Formula 
which Expresses the Heat of Vaporisation of a liquid. 

E. Aries {Com-pt, rend,, 1919, 168,444 — 447). — ^Using the formula 
previously given (compare ihid.^ 204), the author has calculated 
the heat of vaporisation for carbon dioxide, ammonia, stannic 
chloride, methyl formate, pentane, hexane, heptane, and octane 
and finds that the calculated results agree very well with ihose 
obtained by different workers. W. G, 

Limits of Separation hy Fractional Distillation : A New 
Still-head. S. F. Dufton (J. Soc. Chem. Ind.y 1919, 38, 45— 46t). 
— The still-head described consists of an open tube inside which 
is another, closed, one with a wire wound spirally round it so that 
it just fits the outer tubej The latter may be made of parts of 
different sections increasing in diameter downwards, this gradation 
of the annulus serving to carry away the increasing volume of 
Condensed liquid; a form more easily constructed consists of one 
length of tubing of approximately uniform bore, the spirals being 
wound on cores of decreasing diameter. For any particular set 
of conditions, there is a certain minimal value for the working 
volume of the still-head ; if this is exceeded, there is no consequent 
increase in the amount of inseparable mixture in the still-head, 
the extra length at the bottom becoming filled with vapour and 
liquid of one of the pure constituents. Such still -heads are far 
more efi&cient than the Young pear-bulb column in common use, 
and have the great practical advantage that the distillation, having 
been started at the proper rate, slows down and stops when the 
limit of each pure constituent is reached, rise in the temperature 
being then necessary to drive off the next constituent. From a 
mixture of 5 c.c, of benzene with 10 c.c, of toluene, 4*6 c.c. of* 
benzene and 9*4 c.c. of toluene were recovered by direct distilla- 
tion; the loss was 0-3 c.c. and the unseparated intermediate por- 
tion 0'7 c.c., which is not far removed from the actual worring 
volume, the total volume found in the flask at the end of the opera- 
tion being just twice this amount. 

A similar arrangemet'i provides a very efficient means of wash- 
ing a gas with a small quantity of liquid. In this case, the annulus 
is made of the same size throughout, and the pitch of the wire 
spiral is kept as small as practicable so as to reduce the speed of 
descent of the liquid. Such a washer gives more intimate average 
contact between gas and liquid and introduces no hydrostatic 
pressure. T. E. P- 

Ultramicroscopic Examination of very Deposits, 

of Metals and Salts, obtained by Evaporation in High Vacua. 

L, HAiTBURaEE (KoUoid ZciUch,, 1918, 23, 177 — 199).— The thiu 
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deposits produced on the waUs of a vessel in which metals and 
other suhsUnces have been strongly heated have been examined 
by means of an ultramtcro^ope The metels were mounted^ the 
form of thin wires and heated electrically in a vaounm; salts 3 u“ 
as sodium chloride and calcium fluoride, were heated on a tungsten 
wire. It was found that on admitting air to the cooled vLel 
Ganges in the nature of the film occurred, and in consequence the 
film was protected by a thin layer of Canada balsam before air 
was admitted and the ultramicroscopic examination made The 
experiments were carried out with the metals silver, gold tungsten 
molybdenum, platinum, iron, copper, nickel, magnesium ’ zinc and 
cadmium, and also with carbon, sodium chloride, and calcium 
fluonde. It is shown that the metals with high melting points 
molybdenum, platinum, nickel, and iron, and also carbon, produce 
sublimates which are either completely unresolvable or mainly uii- 
resolvable into particles. The lower melting elements with a 
higher vapour tension, gold, silver, copper, magnesium, zinc, and 
cadmium, show a greater tendency to a less disperse condensation, 
and produce a complete network of ultramicrons. Generally, it 
can be stated that the higher the temperature necessary for slow 
sublimation the finer is the structure of the sublimate. The elec- 
trical conductivity of films of gold, silver, platinum, and tungsten 
of measured thickness has also been determined, and it is shown 
that a covering of calcium fluoride or Canada balsam is a very 
efficient protection^ for these metals. Films condensed at the 
temperature of liquid air, on warming to the ordinary temperature, 
undergo a non-reversible change of resistance, which is very great 
in the case of gold and silver. This is probably due to a change in 
the structure of the depcwit, for ultrarnicroscopically the deposits 
are seen to be different at the two temperatures. Many deposits 
undergo a change of resistance when there is no temperature 
change. In particular, silver deposits produced and kept at the 
ordinary temperature for long neriods increase in their resistance 
to an infinitely large value. This must be due to changes in the 
optically unresolvable part of the deposit which lies between the 
network. These changes are probably of such a nature that small 
Raps occur, and consequently the direct metallic contact is broken. 
The influence of the temperature of the walls on which the deposit 
is formed has been investigated, and it is shown that the higher 
the vapour tension of the metal is at the temperature of the walls, 
the less disperse is the structure of the deposit. Many of the 
metals produce films of definite colours which arc characteristic of 
the metal and are determined by the selective absorption of light 
by the atoms. J. F. S, 


Evaporation and Condensation Velocities and the Calcula- 
tion of Chemical Constants from the Density of the 

Condensate. Max Trautz {Zettsek a7iorg. Chm., 1919, 105, 
97 111]. — A mathematical discussion of the equilibrium between 
vapour and liquid treated as a simple chemical reaction. From the 
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gas theory and the thermodynamic laws, formulse are developed 
expressing evaporation and condensation velocities in terms of heit 
of evaporation, molecular heat, molecular weight, molecular dia- 
meter density of the condensate, and closeness of packing. The 
chemical constant of the reaction" is the logarithm of the ratio 
of the maximum evaporation and condensation velocities. It 
increases with increasing molecular diameter, with decreasing mole- 
cular volume, and with decreasing density of packing of the mole- 
cules. With increasing molecular weight the constant first rises 
and subsequently falls continuously. It is shown that all the factors 
involved in the calculation of the evaporation and condensation 
velocities can be given a purely mechanical interpretation, with 
the exception of the heat of evaporation. For the first time a. 
purely mechanical interpretation of the chemical constant is given, 
its calculation requiring only the molecular diameter, molecular 
weight, and density. 

The method of investigation here used, involving a mathematical 
analysis of the processes occurring at the surface between two 
phases, is applicable to other problems, such as the solution of gases 
in liquids and diiaision problems. E. H. R. 

The Extension of the Gas Laws to Liquids and Solids. 

John Scott Haldane {Biochem. J., 1918, 12 , 464 — 498).— The 
three gas laws may be combined and more correctly stated, and at 
the same time extended to liquids, in the form : The intermolecular 
volume of a given volume of gas or liquid varies inversely as its 
mean intermolecular pressure, and directly as the absolute tempera- 
ture, the concentration of gram-molecules, and a constant wliicii 
is the same for all gases and liquids. This may be embodied in the 
equation — v) = 22‘4n7’/273 or P(F — ?') = O’ 0827^7, where 
P = mean intermolecular pressure in atmospheres, volume iu 
litres, volume virtually occupied by the molecules themselves, 
H = relative number of molecules, so that when B and n=l and 
T—21'6^ absol, V{V - v) ^^22-4. This casts new light on the physi- 
cal properties of solutions and on various phenomena connected with 
gases and liquids. Thus it can be shown that : {n) Diffusion pres- 
sure of any one substance between one liquid or gas and another 
is proportional to the values of its partial pressures p in the one 
liquid or gas, and \ ~ v in the other. (6) The intermolecular pres- 
sure is the same for all solutions in the same solvent, up to high 
concentrations and wiih wide variations of temperature, (c) Os 
motic pressure is simply the increased intermolecular pressure 
required to neutralise the excess of diffusion pressure of a pure 
solvent inwards over that of a diluted solvent outwards, through 
membrane permeable to the solvent, but not to the solute wiioi 
dilutes it. This excess is given by the equation 
Po=0’082iV^r(n/iV^-n), 

where p^,= 03 motic pressure and n, iVi = gram-mols. of solute, 
solvent, and solution per litre, {d) Diminution of vapour pressiir- 
of the stdvent and rise of vapour pressure of the solute are propo - 
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tional to njN^. (^) Elevation of b. p., and depression of m. p., of 
the solvent are proportional to and can be calculated 

respectively if the latent heats of boiling or melting of solvent are 
known. (/) When the ratio n jN^ is the same in different solutions 
with the same solvent, the substances, of which /i. denotes. gram- 
mols. per litre (including the solvent), are in diffusion equilibrium, 
and their mutual diffusion pressure is 0'QWT{ii This diffu- 
sion pressure, which has, hitherto, often been confused with osmotic 
pressure, is of fundamental impor^nce in physical chemistry and 

physiolob'- 

The Dissociation Pressures of some Nitrides. Roland 
Edgar Slade and Geoffrey Isherwood Higson (T., 1919, 116, 
215-216). 


Structure of Crystals in very thin Lamins. New Experi- 
mental Determination of Molecular Dimensions. Rem 

Mascehn (Ann. Physique, 1918, [ix], 10, 189— 194).-The 
method employed in the investigation consists in examining a thin 
sheet of the substance between crossed nicols side by side with a 
thin wedge of quartz which is moved until the same colour is 
obtained with both, and from the indices of refraction of the quartz 
and the thickness of the wedge at the measured point calculating 
the thickness of the lamina of substance under investigation. By 
iL' mothnd laminse of mica and p-toluidine have been examined, 
and it is shown that with mica lamime may be obtained of thickness 
ifto tt diameter of the molecules. With p-toluidme laniin® 
have been obtained which are certainly not thicker than tw'ce the 
molecular diameter and probably not thicker than a single modular 
diameter. 


Tha Theorv of Gels. Samuel Clement Bradeord (Bwchem. J., 
me ineory —The bw diffusion 

1918, 12. 351-381. Compare A 1^' crystallisation 

constant of the natural emulsoids by reta „ J^„„centra- 
. of the hot sols, allows tr”!* IL of A '“00 Weimarn's 
tion, which, together with their arge crystallisation 

formula, causes gelation on cooling. ^ 

velocity is also responsible for the tlie“sols of the 

hysteresis of the sols. The viscos y coiitonnity with 

natural emulsoids, by heatmg, Y'’ ‘ e, cause alterations in the 
Einstein’s 

numbers, as well as the size, or transfonnatiou, the 

by molecular and partly by capi ‘“'5' , highly aggregated 

Complex organic substances and J, su)> 

in solution tend to crystallise as P , spherites. This 

position that the ultimate solid particles ot g«s 
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is supported by the fact that by suitable precipitation with alcohol 
gelatin can be made to assume the form of micrc^copic spheres. 

The liquid adsorbed at the liquid-solid boundary surfaces of gels 
is under an internal pressure intermediate between those of the 
solid and of the liquid. This intermediate value of the internal 
pressure is much greater than that of the free liquid and conditions 
certain peculiarities in the properties of gels. W. G. 

Velocity of Coagulation. H. R, Kbuyt and A. E. van Arkel 
{Chem. Weekblad, 1919, 16, f20 — 225). — A preliminary note on 
the measurement of the velocity of coagulation of colloidal solutions. 
The hydrosol studied is that of selenium prepared by the reduction 
of selenious acid by means of hydrazine. The concentration of the 
hydrosol was determined by direct enumeration of the particles 
under the ultra microscope, the progress of the coagulation being 
exhibited by the fall in concentration observed from time to time 
over a peri^ of thirteen days after the addition of the electrolyte. 
In presence of potassium chloride solutions of concentration 10 and 
20 mg. mol. per litre coagulation of the standard sol was scarcely 
perceptible; with 40 and 50 mg. per litre coagulation was extremely 
rapid. The concentration 30 mg. per litre brought about coagula- 
tion at a convenient measurable rate. W. S. M. 

Forms assumed by Drops and Vortices of a Gelatinising 
Liquid in Various Coagulating Solutions. Emil Hatschek 
(/Voc. Roy. Soc., 1919, [A], 96, 303 — 316).— The effect of allowing 
a 14% gelatin sol to fall drop by drop into a solution of aluminium 
sulphate or ferrous sulphate is described, and illustrations of the 
forms assumed by the gelatin drops are given in the paper. Tem- 
perature and the density of the coagulating medium determine to a 
large extent the form assumed. By dropping a solution containing 
10 grams of gelatin and 8 grams of crystallised potassium ferro- 
cyanide into a solution of copper sulphate of suitable density, discs 
were produced which bear a remarkable resemblance to highly 
magnified blood corpuscles. The effect of the addition of a large, 
number of substances to the gelatin solution is also described. 

J. F, S. 

Investigations dealing with the State of Aggregation. 
IV. The Flocculation of Colloids with Salts confining 
Univalent Organic Ic is. S. B. Schryveb and Nita E. Spree 
{Proc. Roy. 5oc.,1919,[ii],90,400— 414).— If adsorption of thedis- 
charging ion plays the chief part in the flocculation of colloids, it 
might be expected that those salts the normal solutions of which 
have the lowest surface tension would exhibit the greatest flocculat- 
ing capacity. This capacity was investigated for a series of sodium 
salts of organic acids and of hydrochlorides of organic bases, of 
which the normal solutions show wide variations in the surface 
tensions. As a general rule no relationship was shown to exist 
between surface tension of the solutions and flocculation capacity. 
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In only one case that of the mastic sol, did such a felationship 
existr—fche hydrochlorides of those bases the solution of which 
had lower surface tensions precipitating the mastic in lower con 
centrations It is suggested by the authors that two classes of 
suspensoid should exist, namely, those which owe their charge to an 
ion derived from a salt from which they are obtained by hydrolysis 
as, for example, the chlorine ion in the ferric hydroxide wi 
obtained by dialysis of ferric chloride solutions, and those which 
owe their charge to an ion derived by dissociation in a colloid ach 
ing as an electrolyte in which the active, rapidly moving ion is held 
electrostatically in an outer layer to the other more slowly moving 
colloidal ion. ^ The former class are designated exionic and the 
latter endionic colloids. Mastic belongs probably to the latter 
class.' S. B. S. 


Equilibria in the Reduction oi Oxides by Carbon. Roland 
Edgar Slade and Geoffrey Isherwood IIigson (T., 1919 115 
205—214). 


Relations between Distribution Ratio, Temperature, and 
Concentration in System : Water, Ethyl Ether, Succinic 
Acid. George Shannon Forbes and Albert Sprague Coolidgk 
{J, Amev. Chevfi, Soc.y 1919, 41, 150 — 167). — The published data 
on the solubilities and distribution ratios for this system being 
insufficiently numerous and concordant, a complete set of new 
determinations has been made. The ethyl ether used was care- 
fully purified, especially from alcohol, a trace of which may be 
detect^ by means of the green coloration given with strong sodium 
hydroxide solution containing a little pennanganate; the presence 
of 1% of ethyl alcohol is found to increase the solubility of ether 
iu water by about 2%, and that of succinic acid in ether by about 
20%, the effect on the solubility of the acid in water being much 
less. The method of analysis used consisted in shaking a mixture 
of the desired composition in a “pyrex” vessel shaped like a sub- 
marine with periscope; as the stopper is in contact with neither 
the contents of the v^sel nor the water of the thermostat, it need 
not be greased, danger of contamination being thus obviated, The 
vessel was rocked at such a speed that the air bubble travelled the 
whole length to and fro, the rocking being stopped for ten minutes 
and the two layers extracted separately by inclining the vessel first 
one way and then the other. Special pipettes were used, which 
did not require greased stoppers and which allowed of the evapora- 
tion of the solutions without transference to other vessels. 

The compositions of solutions unsaturated with one of the con- 
stituents were determined at 15°, '20®, and 25°, and a series of 
measurements of the distribution ratio was made at each of the 
three temperatures and at various concentrations of acid, 

If « is the mol. fraction of succinic acid (undissociated) in the 
water layer, and c, w, cr, w, and e those of ether in the water layOT, 
water in the water layer, succinic acid in the ether layer, water in 
the ether layer, and ether in the ether layer, respectively, the com- 
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plete differential of the distribution ratio {1?=^/ <r)with r^pect to 
temperature is shown to have the form — (m) l<r(\‘~am)^ 

sO +av)/o’*(l -o/i), where a-po'/Jw}, $—[9(rjdi\^fi=[^l^a-\^ 
and v=[5w/5^],. The reasoning involved is followed out by means 
of a solid diagram. Further, an expression is derived for the value 
of dB jdt between solutions Wing constant composition of solvent 
(compare Herz and Kurzer, A., 1910, ii, 399, 1045), the value thus 
obtained for dBfdt being O' 025 7, whereas the expression given 
above yields the result, = 0*0258. 

Succinic acid is not distributed in constant ratio between water 
and ether; the ratio of activity to concentration in aqueous solu- 
tion falls with increasing concentration, or, more strictly, this 
deviation is greater in water than in ether solution, solvation being 
undoubtedly largely responsible for this phenomenon. 

Application of Rothmund and Wilsmore’s mutual solubility 
equation (A., 1902, ii, 447; compare Nemst, A., 1901, ii, 647) to 
the solubility data, at 20° shows that 60 mols. of HgO furnish 
33 molecules of water, which therefore consist almost entirely of 
(H^O)^; this result is only an approximate one, but it agrees^well 
with estimates made by other workers using different methods 
(compare Richards and Palitzsch, this vol., ii, 97). T. H. P. 

Influence of Substitution in the Components on the 
Equilibrium in Binary Solutions. XIV. Binary Solution 
Equilibria between Fyrogallol and the Aromatic Amines or 
Acid Amides. Robert Krkmann and Ludwig Zechner {Monatsk, 
1918, 39, 777 — 805. Compare A., 1918, ii, 69; this vol., h, 54). 
— Previous results have led the authors to the conclusion that 
pyrogallol, as a trihydroxy phenol, should be capable of uniting 
with three molecules of a primary amine unless the close proximity 
of the hydroxy-groups leads to steric hindrance. The latter is 
found to be the case, since pyrogallol unites with only two mole- 
cules of aniline, p-toluidine or jS-naphthylamine, and with but 
one molecule of a-naphthylamine ; with the isomeric phenylene- 
diamines, compounds of the type, 2 molecules pyrogallol + 2 mole- 
cules diamine, are obtained, whilst with the para-isomeride there is 
also formed a compound of two molecules of the phenol with one 
of the diamine. As is to he expected, an equimolecular compound 
of pyrogallol and benzamide is found to exist, and a similar com- 
pound is in all probability formed from acetamide. H. W. 

Influence o! Substitution in the Components on the 
Equilibrium in Binary Solutions. XV. The Binary 
Systems of Benzopbenone ^ih Phenols and their Deriv- 
atives. Robert Khemaxx and Ludwig Zechner (Monatsh., 1918. 
39, 807 — 832). — The affinity of different classes of substance? 
towards phenols generally appears to be weakened by the replace- 
ment of the methyl by the phenyl group in the former; the work 
now described was undertaken with the object of obtaining a direct- 
comparison of acetone and benzophenone in this respect. 
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Benzophenone forms equimolecular compounds with phenol and 
a-naphthol, thus resembling acetone; with 3-naphthol, the three 
raononitrophenols, the three dihydroxybenzenes, and pyrogallol, on 
the other hand, it gives simple eutectics. It therefore appUrs 
that the ability of a phenol to form compounds with benzophenone 
is lessened by the introduction into it of groups which strengthen 
its electronegative character. g W 

Influence of Substitution in the Components on the 
Equilibriiun in Binary Solutions. XVI, The Binary 
Systems of Benzophenone and certain Amines. Robert 
Kremann and Kudolf Schadinger {MonaUh., 1918, 39 , 833 838). 
—The inability of benzophenone to yield compounds with nega- 
tively substituted phenols (preceding abstract) might be due merely 
to steric hindrance or to insufficient difference in the hetero polarity 
of the components, such that whilst the electronegative carbonyl 
group can react with amphoteric phenol, it is unable to do so 
with its electronegative derivatives. In the latter case, it appeared 
probable that benzophenone would react with amines. Experi- 
ment, however, shows that it yields simple eutectics with J^tolu- 
idine and with a- or j3-naphthylamine. The difference in behaviour 
of benzophenone towards phenol mi the one hand and towards 
negatively substituted phenols on the other must be ascribed to 
steric hindrance. H. W. 


Velocity of Reaction in the System SNO + Og. Max Trautz 
(Zeitsch. Elehtrochem., 1919, 25 , 4— 9).— Polemical between the 
author and Bodenstein on the method adopted in calculating from 
the experimental results in connexion with the above-named 
system (see Bodenstein, A., 1918, ii, 302; Trautz and Dalai, A., 
1918, ii, 162). J‘ F. S. 


Relationship of the Constants of Formation and Hydro- 
lysis of Esters of Symmetrical Dicarboxylic Acids. Antox 
Srrabal {Moruitsh., 1918, 39 , 741— 763).— A theoretical considera- 
tion of the subject and partial review of the literature. The^ 
author is led to the following conclusions. 

The esterification of a symmetrical dicarboxylic acid and the 
hydrolysis of its normal ester in the presence of acid lead to 
''acid-ester’’ equilibrium (2 acid ester — normal ester + dicarb- 
oxylic acid), the constant, A, of which is related to the constant 
rati(» of consecutive hydrolysis and esterification in accordance wi 
the equation nrJ^K, If, therefore, the acid-ester equilibrium is 
not appreciably altered by change in temperature and other experi- 
mental conditions, nn^ must be constant. This is ^ J ^ 

case when both n and are of the order unity, and w en, ur er, 
Actually, K is found to be practically independent of the 
temperature, and its numerical value is freaiiently 4, hence the 
simplified constant ratio, n~v/-2. The acid-ester ^ 
displaced with decreasing acidity, and in consequence e re 
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ship of the constants for alkaline hydrolysis differs from that for 
acidic hydrolysis. 

The esterification of a symmetrical dihydric alcohol and the 
hydrolysis of its normal ester leads to an “ester-alcohol” equil- 
ibrium (2 ester alcohol ^ normal ester -i- alcohol), the constant, 
Ky of which is related to the constant ratios of the consecutive 
actions according to the equation nn^~K. The “ester-alcohol” 
equilibrium is nob influenced by the acidity, and the relationship 
of the constants is consequently the same for acid and alkaline 
hydrolysis. 

Replacement of the alkyl group is analogous to esterification 
and hydrolysis. Consecutive replacement in a symmetrical mixed 
ester leads to the establishment of a “mixed-ester” equilibrium, 
the constants of whicdi are similarly related to the ratios of the 
constants for consecutive replacement. The ratios of the constants 
of the hydrolysis and formation of mixed esters are governed by 
their relationships to the constants of the two acid-ester equilibria 
(or ester-alcohol equilibria) and of the mixed ester equilibrium. 

The dynamic conception of the ester equilibrium imposes neces- 
sary, but not complete, conditions with respect to the relationship 
of the constants of formation and hydrolysis of symmetrical di- 
eters and its variation with the experimental conditions. The 
possible variations are limited by the simultaneous application of 
the parameter rule (A., 1916, ii, 607), Tlje latter leads to a^ump- 
tions which can be experimentally tested, and are therefore valu- 
able working hypotheses. H. W. 

Consecutive Reactions. V. Dynamics of the Oxalic 
Ester Equilibrium. Bkbabal and Danica Mrazek 

(Monatsh., 1918, 39, 697 — 739. Compare A., 1916, ii, 477; 1917, 
ii, 250; 1918, ii, 12).— -The hydrolysis of normal methyl oxalate, 
the esterification of oxalic acid, and the reaction of the acid ester 
in aqueous -alcoholic solution have been kinetically investigated at 
25^. The acid titr© and the amount of normal ester have been 
analytically determined at given intervals of time. All three pro- 
cesses show uniformly that the relationship of the constants is 
2 : 1 both for the consecutive hydrolysis of the normal ester and for 
the consecutive esterification of oxalic acid. The esterification 
equilibrium of oxalic acid has been determined for both stages of 
the process. H. W. 

Hydrolysis of Ethyl Oxalate with Alkali. Akton Skbabai 
and Anton Matievic {Monatsh., 1918, 39, 765 — 773). — To gain 
insight into the influence of the nature of the alkyl group on the 
velocity of hydrolysis of esters, the authors have examined the 
behaviour of ethyl oxalate under conditions similar to those used 
with the methyl ester (A., 1917, ii, 250). Comparison of the con- 
stants obtained with those found for the methyl ester shows the 
latter to undergo the first stage of hydrolysis three times as rapidly, 
and the second stage two and a-half times as rapidly, as the ethyl 
ester. H. W. 
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Stupes m Catal^is. X. The Applicability of the Radia- 
tion Hypothesis to Heterogeneous Reactions. William 

CuDMORE McCullagh Lewis (T., 1919, 115, IS'^— 193) 


Chemical Structure of Atoms. I. Franz Wenzel (J, w. 
Chem.f 1918, [ii], 98, 155 203). — A theoretical paper containing 
the following sections : ® 

I. Typcal author’s method of building structural 

forms of atoms is based on two hypotheses. The first Is that the 
tervalent nitrogen atom is composed of two nuclei united by a 
double linking (compare A., 1918, ii, 17); in addition to the three 
valencies, four others are involved in the double linking thus 
The second hypothesis is that the mass 14‘01 of the 
nitrogen atom is distributed uniformly over these seven valencies 
so that with each valency corresponds a mass of approximately two 
units, designated valency mass 2. It is assumed, therefore, that to 
each valency is related a definite mass magnitude. This is usually 
2, but in connexion with the atoms of lithium, glucinum, and boron 
a valency mass 3 must he assumed. Starting, therefore, from the 
helium atom (composed of two singly linked nuclei) the elements of 
the first small period can be built up by the systematic addition to 
both nuclei of the helium atom of valency masses 2 and 3 in num- 
bers increasing from 1 to 7 ; thus, 


0 

0\ /0\ 

i>- --“(oX 
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carbon, nitrogen, oxygen, and fluorine are represented by similar 
structures containing 6, 7, 8, and 9 valency masses respectively. 
Analogous structures can be formed for the elements of the second 
period, starting from the neon atom. The author claims that these 
structures, which are not at variance vnth the physical properties 
of atoms, are fitted to express the most important chemical proper- 
ties of the elements and render possible the treatment of general 
questions, such as variability of valency and the cause of the 
metallic and metalloid characteristics of elements. 

II. Valencia Mmses and their Mode of Linking . — Assuming that 
the fo'rces which hold together the valency masses in the atomic 
nucleus can be treated as valency forces, the maximal value of the 
valency ma^es 2 and 3 (and also of valency mass 1, from which 
valency masses 2 and 3 must be assumed to be derived) can be 
ascertained. By introducing these maximal values of the valency 
masses into the structural pictures above, structural fonnulse are 
obtained which allow the deduction of many interesting phenomena, 
such as (a) the existence of a metallic form of the quinqueval^t 
nitrogen atom, on which are founded the ammonium compounds, 
(i) the variations of the atomic weights from whole numbers, (c) a 
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structural formula of the hydrogen atom which appears to account 
for its metallic properties and for the variation of its atomic weight 
from exactly 1. ^ 

III. Stereoisomemm of Ammonium Compounds , — The preceding 
theory of atomic structure leads to the evolution of a model of the 
nitrogen atom which is in agreement with crystallographic require- 
ments concerning the spatial positions of the atoms in ammonium 
iodide and in tetramethylammonium iodide. By the help of this 
model the possibilities of isomerism to be anticipated in ammonium 
compounds can be derived. These are exceedingly complicated, and 
of all the nitrogen models hitherto proposed only the pyramidal 
formula of Bischoff is applicable for the graphic representation of 
the isomerism of ammonium compounds, and then only if it is 
amplified by the insertion of a diagonal in the square base. For 
the explanation of such isomerism chemistry must call in the help 
of crystallography in a much greater degree than has hitherto been 
the case. The isomerism of the optically active ammonium com- 
pounds requires for its establishment the conception of a binuclear 
nitrogen atom. 

IV. The Metallic Carbon Atom . — It is known that one of the 

valencies of the carbon atom occasionally functions with basic pro- 
perties (Baeyer's carbonium valency). This necessitates a 
''metallic ” carbon atom, the structure of which includes the group- 
ing characteristic of the atoms of the metals. Such a structure can 
be derived from that of the metalloid carbon atom. In the latter 
the valencies are directed tetrahedrally, whilst in the metallic 
carbon atom the three metalloid valencies lie in^ a plane to which 
the metallic valency lies at right angles, a spacial disposition of the 
valencies of the metallic carbon atom which the author claims is 
confirmed by the position of the atoms in the crystal lattice of 
graphite. C. S. 

New Reflux Condenser. James J. Bajda (J. Ind. Erig, Chm,, 
1919, 11, 52). — A side-tube, leading from the stem of the con- 
denser just above the flask containing the volatile liquid, conducts 
the vapours into the top of the condenser jacket, where they enter 
the condensing coil. The lower part of the latter is formed into a 
siphon-trap, which delivers the condensed liquid into the flask 
through a tube extending down the stem of the condenser, A 
branch tube on the coil iust above the trap extends through the 
top of the condenser jacket. W. P. S. 

An Efficient Laboratory Funnel for Filtering Neutral 
Liquids, especially the Volatile Organic Solvents. T. B. 

Aldrich (7. Ind. Eng. Ghem., 1919, 11, 139—140). — In this funnel 
the filter paper is clamped securely between two plates, so that it 
cannot lift even when the suction is interrupted ; the formation of 
channels and passages for the liquid and precipitate beneath is thus 
avoided. The funnel is of aluminium and consists of four parts; 
(1) a cast hollow cylinder with a small flange at the top and a 
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heavier one at the bottom,, both outside f).. i 
screwed; (2) a plate I’S mm. thick perforated withT^; 

(3 mm. centre to centre); /3i a rioff a 

milled on the outside; (4) a conical lower f 

stem and having a fian.e at the on ^ 

mesh with the threads oa the inside of the'r^i^Aftr UmfiC 

paper has been introduced the rin? is screwed nn 1 I v, i/ ^ 

t« rLtr S;: 

■ ’ T. H. P. 
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Chemical Reactions at Low Pressures. IV. The Clean- 
up [complete removal] of Nitrogen by a Heated Molybdenuru 
Filament. Ibying Langmuir {/. Amer, Chm. Soc., 1919 41 
16T--194. Compare A., 1915, ii, 467).-When molybdenum fila' 
mente ere heated at 2000-2400^ K in nitrogen at pressures of 
40 bars or less (0'03 mm,), great care being taken to exclude mois- 
ture, the filaments lose weight at the same rate as if heated in a 
vacuum. The nitrogen does not attack the filaments, but disap- 
pears at a rate independent of the pressure if the latter exceeds 
1 bar; the amount of the nitrogen thus disappearing is much less 
than the chemical equivalent of the molybdenum evaporated, and 
the ratio, e, of the number of molecules of nitrogen removed to the 
number of atoms of molybdenum evaporated in the same time 
decreases from a maximum of about 0'4 to a minimum, of about 
O'Ol as the temperature of the filament or bulb is raised. 

With very minute pressures of water -vapour such as result even 
in presence of drying agents from failure to " bake out ” the bulb, 

. no complete removal of nitrogen occurs, although under such con- 
ditions molybdenum will remove carbon monoxide and tungsten 
will remove either nitrogen or carbon monoxide, the value of € in 
each of these cases being unity, 

The fact that € is independent of the pressure, but dependent oil 
the filament and bulb temperatures, indicates that the reaction 
occurs in the space around the filament, and that each collision 
between molybdenum atoms and nitrogen molecules results in com- 
bination, at least two products being formed; these are probably a 
first order compound of the formula NMoN and a second order 
compound, MoINg, the proportion between the amounts of these two 
depending on the relative velocity of the molecules at the moment 
of collision and on the internal velocity of the nitrogen molecules. 
The former compound is very stable and cannot be decomposed on 
the bulb by heating to 360^, its formation being favoured by low 
relative translational velocity of the colliding molecules and by high 
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internal or rotational velocity in the nitrogen molecule. AH those 
collisions which do not yield the first order compound give that of 
the second order, which is so unstable that it decomposes practically 
completely on striking the bulb, owing to the attractive forces 
between pairs of molybdenum atoms being much greater than 
between these and nitrogen molecules. 

The deposit which collects on the bulb has the following proper- 
ties. It is spongy and can easily be rubbed off with the finger on 
opening the bulb, whereas deposits formed in a high vacuum are 
dense and can scarcely be scratched off with a knife. If the bulb is 
kept at the temperature of liquid air, the deposit formed gives up 
some nitrogen when warmed to the ordinary temperature, but only 
part of this nitrogen is absorbed again on cooling the bulb; the 
larger part of the nitrogen in the deposit is not, however, liberated 
by heating in a vacuum at 360®. The deposit very rapidly absorbs 
up to about one-thirtieth of its chemical equivalent of nitrogen 
when cooled by Liquid air, but it does not readily absorb hydrogen 
under these conditions. At the ordinary temperature or above, 
however, large quantities of hydrogen are absorbed or dissolved by 
the deposit, these being given up slowly at 300® in a good vacuum, 
.When heated in nitrogen at 270® or above, the deposit combines 
with nitrogen, and this is not given off again at 360® in a vacuum. 
Tile deposit reacts rapidly with water-vapour at the ordinary tem- 
perature with production of hydrogen, much of which remains 
dissolved in the deposit until liberated by heating. T. H. V. 

Formation of Ammonia by the Electric Discharge. E. 

Briner and A. Baerfuss {Hdv. Chim. Acta, 1919, 2, 95 — 100).— 
As the r^ult of experiments on the production of ammonia from 
nitrogen and hydrogen by means of the electric arc it is found that 
the yield of ammonia is more than doubled when the ratio of nitro- 
gen to hydrogen is increased from 1:3 to 15:3 by volume. This 
result, which appears to contradict the rule that the optimum mix- 
ture for the formation of a substance corresponds with the composi- 
tion of that substance, is explained on the ground that at the tern-- 
peratnre employed the active participants in the reaction are the 
atoms, not the molecules, of the two gases and that an excess of 
nitrogen will be necessary if this gas is more difficultly activated 
than hydrogen. [See also J. Soc. Chem. Ind., 1919, April.] 

- 'j C. S. 

Combustion of Ammonia in a Deficiency of Oxygen- 

F. Kaschig (Zeitsch. physikal, Chem, l/niet^,, 1918, 31, 138—142; 
from ahem, Ztntr., 1918, ii, 1016— 1017).— It is generally consi- 
dered that the combustion of ammonia in an excess of oxygen 
results in the formation of nitric oxide and water ; the 
eiders this view to he erroneous, or, at any rate, not proved. 
oxygen is in deficit, reaction is commonly supposed to 
according to the equation (i) 4NH3-1-3O2 — 2N2-1-6H2O. Mu er 
{Zeits(^. phyM. Chem, Unterr,, 1913, 169) has, however, shown 
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that under these conditions a quantity of gas is formed containine 
about 59% nitrogen and 41% hydrogen, and has assumed that a 
portion of the ammonia dissociates into its constituent elements at 
the high temperature of the flame. If this were actually the case 
considerable quantities of nitrogen should be formed when oxyt^en 
is in excess, whereas the yield of nitric acid is actually 90% and 
over. An explanation may he found in the formation of the hypo- 
thetical di-mde when oxygen is in deficit: [(ii) NH 3 + 02 =NoH! + 
2020 ], which would probably decompose into nitrogen and hydro- 
gen. The author has heated potassium hydrazinesulphonate with 
potassium hydroxide in* the expectation that the hydroxyhydrazine 
primarily formed would immediately pass into di-imide by loss of 
water-; actually, the calculated amount of potassium sulphite was 
formed and a mixture of equal volumes of nitrogen and hydrogen 
was evolved. A similar result was obtained by the decomposition 
of benzenesulphonhydrazide, NH,'NH'S02ph. Muller’s experi- 
ments can be interpreted by supposing that the combustion of 
ammonia takes place partly according to equation (i) and partly 
with formation of di-imide. It is, however, possible that the first 
reaction does not occur at all, but that combustion proceeds with 
intermediate formation of hydrazine [(iii) 4 NH 3 20 , 11 ^ + 
2 H 2 O], which subsequently decomposes into nitrogen and hydrogen. 
Actually, the author has been able to establish the production of 
hydrazine (by isolation of benzylazine^ when oxygen bums in am- 
monia. Combustion, therefore, probably proceeds mainly in accord- 
ance with equation (iib and to a less extent according to equa- 
tion (iii), whilst oxidation in accordance with equation (i) may be 
considered not to occur at all. H. "W. 

Formation of Azoimide by Oxidation of Hydrazine. 

A. Angeli (A tti U. Accod. lAncn. 1918, M, 27, ii, 389-393).- -- 
The author’s experiments (A., 1894, ii, 93) were carried out in 
accordance with theoretical considerations which referred to the 
analogies in behaviour shown by hydrazine, hydroxyl amine, and 
•hydrogen p€^oxid6, and were completely confirmed experi men tall v, 
Browne and Overman (A., 1916, ii, 245) and Sommer (A., 1917, 
ii, 30), on the other hand, attempted merely to obtain an explana- 
tion of a reaction discovered accidentally bv them, namely, the 
formation of azoimide by oxidation of hydrazine, the only connec- 
tion with the author’s work lying in the fact that, to explain the 
formation of azoimide from hydrazine gome intermediate noly-nitro- 
genated compound must be assumed. This intermediate term is 
probably tetrazone, N3(|'N:N*NH. (A.. 1917, i, 452; compare Will- 
statter and Pfannenstiehl, A., 1905, i, 723). T. H. P. 

The Oxidation of Nitric Oxide by Dry Air. Aximfi 
S'ANFOTTRCHE {Compt. rend.. 1919, 168, 307—310. Compare this 
vol., ii, 105).— A study of the oxidation of nitric oxide by dry air 
at temperatures ranging from —50*^ to 525®. The first s^ge in 
the oxidation, namely, the conversion of nitric oxide into nitrogen 
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trioxide, is practically instantaneous and independent of the tem- 
perature between the limits given. The next stage, the oxidation of 
the nitrogen trioxide to nitrogen peroxide, is regulated by the 
revOTsible reaction, 2 N 2 O 3 - 4 -O 9 — ^NOg, in which the displacement 
is from left to right up to 200 °, but tends more and more towards 
right to left as the t-emperature rises from 200° to 525°. W. G. 

The Cycle 0 ! Oxidation of Nitric Oxide in the Presence 
ol Water. Andb 6 Sanfourche (Compt. rcm?., 1919, 168 
401—404). — In the presence of water, nitric oxide is oxidised to 
nitrogen trioxide and not to the peroxide, ^he trioxide then being 
decomposed by the water, giving nitric acid and a partial regenera- 
tion of nitric oxide. In the presence of nitric acid (D 1’5), how- 
ever, the nitrogen trioxide is oxidised with the formation of the 
peroxide and water, according to the equation 2 E[N 03 -|-N 203 = 
HgO-f 2 N 2 O 4 . This oxidation is 6 rst noticeable with nitric acid 
(D 1-3), which has a concentration of approximately 50%, but is 
not complete, and progresses further as the concentration of the 
nitric acid used is increased. W. G. 

Apparatus [to Demonstrate] the Decomposition of Nitric 

Acid at a Red Heat. H. BOttger {Zeitsch. physikal. Chm. 
Vnterr., 1918, 31, 152; from Ohem, ZeMr.^ 1918, ii, 1005). — The 
apparatus consists of a small quartz distilling flask provided with 
a dropping funnel and connected with an inclined condenser and 
small glass cylinder ; the stopper of the latter carries a glass tube 
leading to a pneumatic trough for the collection of oxygen. Con- 
denser and cylinder are cooled by a freezing mixture. The nitric 
acid is allowed to drop into the strongly heated flask; a green 
liquid, consisting of condensed nitrogen peroxide, water, and un- 
changed nitric acid, collects in the cylinder. H. W. 

Electrochemical Preparation of Salts of Perphosphoric 
Acid and of Monoperphosphoric Acid. Fb. Fighter and 
Antonio Rirs y Mir6 (Heh). Chim. A cta, 1919, 2, 3 — 26. Com- 
pare Fichter and Miiller, A., 1918, ii, 439; Rius y Miro, this vol,. 
ii, 63). — Most of the work has been already published (loc. cit). 
The amount of monoperphosphoric acid increases with increasing 
current density, with decreasing total concentration, and with 
decreasing alkalinity. If the electrolysis is prolonged to produce 
high concentrations, tt^e current yield decreases largely. With 
suitable electrodes, the 'yield of perphosphate is 64% and of mono- 
perphosphate somewhat more than 7%. These salts are formed in 
moderate yield even in the absence of fluoflle provided the electro- 
lyte is rich in alkali ; also both peroxidised salts are obtained by 
the electrolysis of a mixture of tetrapotassium and di potassium 
pyrophosphates. In strongly acid solution, perphosphoric acid 
decomposes spontaneously in about two days into monoperphos- 
phoric acid and phosphoric acid. Monoperphosphoric^ acid also 
decomposes in acid solution, bub mnoh more slowly than in alk^me 
solution, 



INORGAKTC CHEMISTRY. 


ii. 151 


Graphitic Carbon. V. KohlschOttrr [Zeitsck anorg. Chem,, 
1919, 105, 35--68). — The physical and chemical properties of 
graphite vary within such wide limits that no distinct line of 
demarcation can be drawn between graphite on the one hand and 
amorphous carbon or soot on the other. From the consideration 
of a mass of data relating to the properties and mode of occur- 
rence of natural graphite, and the methods of formation and 
properties of artificial graphite and amorphous carbon, the author 
comes to the conclusion that all varieties of graphite and 
amorphous carbon are different physical forms of " black carbon/’ 
which is to be regard^ as an alio tropic modification of diamond. 
The properties of different samples of graphite depend on the con- 
ditioils under which it is produced, and its variable character is to 
be attributed to different degrees of dispersity. The reactions 
favourable to the production of graphite fall into three groups; 
(1) surface reactions; (2) reactions in s(itn; (3) surface layer reac- 
tions. These are all reactions of the localised type which have 
been grouped together in a previous paper in the class of “topo- 
chemical” reactions (this vol., ii, 156). As an example of the first 
group, the decomposition of acetylene by c-opper at 400 — 500° pro- 
duces graphite as the result of a slow surface reaction, whereas the 
spontaneous decomposition at a higher temperature in unlimited 
space produces soot. The formation of graphite by the decomposi- 
tion of a carbide, as in the Acheson process, is an example of the 
second group, and another example is the precipitation of graphite 
from iron-carbon solutions, where in all probability crystals of 


cementite are first formed, which then decompose, leaving the 
graphite particles as pseudomornhs of the cementite crystals. As 
examples of the third group, there are those reversible reactions 
which lead to graphite formation, such as the decomposition of 
carbon disulphide. In these cases, temperature is of importance 
only in so far as it determines the rate at which equilibrium is 
attained. Contrary to the generally accepted view, temperature 
and pressure have little intluence on graphite fonnation except in 
so far as they influence other conditions. 

It is probable that all natural graphite has been formed by a 
localised reaction of one of the above tvpes. It may in some cases 
have been formed by metamorphosis of organic carbon in contac 
with igneous rock, more often probably by the decomposition of 
carbon monoxide in clefts, catalysed by the metallic oxides present. 

The view that there is no essential difference between graphite 
and amorphous carbon is home out by the work of Debye an 
Scherrer on the cm^itution of graphite and amorphous carbon 
fA.. 1917. ii. 437). which showed that both have the same inter- 
ference effect on X-rays. The conclusion of these authors that in 
Graphite the carbon atoms are arranged hexagonally in plane 
layers which are superimposed on one another is in aereemen wi 
the present author’s idea that graphite owes its pecu lar proper le. 
to its lamellar structure. This type of structure not only accounts 
for its peculiar physical propertie?, but also for many c e 
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properties, such as its resistance to oxidation and to reagents, and 
for the fact that its formation is favoured when free carbon is 
produeed by a surface reaction. The difference between the densi, 
ties and heats of combustiMi of graphite and amorphous carbon is 
discussed, and is shown not to be detrimental to the theory that 
they are essentially the same form of carbon. The formation of 
graphitic acid by oxidation of graphite and not of amorphous 
carbon is due to the peculiar structure of the former and not to 
the existence of a distinct graphite molecule. E. H. R. 

Graphitic Carbon and Graphitic Adid. Y. KohlschGtteb 
and P, Haenni {ZeiUch. anm-g. Chem., 1919, 105, 121 — 144).— 
For the further elucidation of the structure of graphite (preceding 
abstract), the oxidation of graphite to graphitic acid and the 
properties of the latter have been studied. Since the properties of 
the graphitic acid depend on those of the graphite used, in order 
to obtain results which could he reproduced, the experiments were 
confined to a specially pure electrically prepared graphite free 
from ash. The oxidations were carried out with a mixture of 
potassium chlorate, nitric and sulphuric acids in the cold under 
fixed conditions. The peculiar oxidising properties of this mixture 
are due to the fact that it penetrates the whole mass of the 
graphite; other oxidising agents which do nob penetrate the 
graphite have little action or oxidise it completely to carbon 
dioxide. 

Repeated treatment of the graphitic acid with the oxidising 
mixture changes its colour from green to brown or yellow, whilst 
its carbon content gradually diminishes. Thus after one treat- 
ment, the graphitic acid has the composition C=59‘02%, H=r91%, 
0 = 39*07%, and after five oxidations, C=54*4%, H=2*14%, 
0=43*46%. The apparently crystalline particles of graphitic add 
are not crystals, but pseudomorphs of the original graphite par- 
ticles. After repeated washing with water, the graphitic acid 
passes into solution. The colloidal solution can be flocculated by 
dilute adids, and the precipitated gel is perfectly soluble in water. 
The differently colour^ graphitic acids merely differ in their degree 
of dispersity, the more lightly coloured products, obtained by 
repeated oxidation, being more highly disperse. It is not true, as 
was formerly supposed, that the colour of the graphitic acid depends 
on the sample of graphi'e from which it is made. 

When heated or treated with reducing agents, graphitic acid is 
reduced to carbon. Heating experiments have shown that the gases 
evolved are water, carbon monoxide, and cafbon dioxide, the ratio 
CO/COj being greater the more slowly the heat is applied.^ Tte 
temperature at which the decomposition becomes explosive is aho 
lower the slower the heating, and if the heating is very slow the 
decomposition may go quietly to completion without explosion- 
The black, voluminous residue consists of carbon (99*7% C). 1 
has all the properties of soot, but can be compress^ into a 
very similar to graphite. When the decomposition of the graphi 



IKOEGAKIO CHEMISTRY, 


ii. 153 

acid by heat takes place under pressure, the graphitic character 
of the residual ^rbon is more marked. Bf decomposing 
graphitic acid under sulphuric acid at 160-180“ a r^idue was 
obtain^ having properties intermediate between those of soot and 
graphite, treatment of graphitic acid with reducing agents such 
as ferrous or stannous salts, gave products with strongly marked 
graphitic properties, giving graphitic acid again when oxidised 
These products, however, were contaminated with adsorbed iron 
or tin compounds, which were difi&cult to remove. 

The results of these experiments are held to confirm the opinion 
express^ m the form^ paper (/oc. dt.) that graphite is formed 
when the reaction resulting in the formation of free carbon is 
spatially confined (topochemical reaction), and that the difference 
between graphite and amorphous carbon is purely physical, depend- 
ing on the conditions of formation. The formation of graphitic 
acid is likewise topochemical in character, the graphitic acid re- 
taining the structure of the original graphite. E. H. R. 


Coarse of Reaction in Explosions of Dilute Carbon Di- 
sulphide-Air Mixtures. G. R. Stewart and John S. Burd 
(/. Ind, Eng. Che-m., 1919, 11 , 130— i33).-~In the combustion of 
dilute mixtures of carbon disulphide and air, containing from 
T5 to 4% of the former, from 40 to 60% of the carbon disulphide is 
oxidised according to the equation + from 

25 to 35% follows the reaction 2CS2'f'50o:^2C0-i-4S02; the remain- 
der, 15 to 30%, is unchanged. Sulphur trioxide does not seem to be 
formed. With a mixture containing 2 '5% of carbon disulphide, the 
resulting gases contain about 10% of oxygen, 1% of carbon dioxide, 
usually less than 1% of carbon disulphide and carbon monoxide, 
and about 4% of sulphur dioxide. [See, further, J. Soc. Chem. Ind,, 
1919, April.] W. P. S. 


Precipitated Amorphous Silica. P. Braesco {ComyL rend.y 
1919, 168 , 343 — 345). — Prom a study of the dilatation of precipi- 
tated silica, cast into sticks by admixture with 5% of sodium sili- 
cate as a. paste and subsequently dried and calcined, the author 
finds that precipitated silica is amorphous provided that it is only 
heated to about 600®, but that, if it is calcined at a temperature 
exceeding 1000® it is crystalline and of the same form as cristo- 
balite. W. G. 


Nature of the Gas Evolved when Fused Sodium Hydroxide 
is Dissolved in Water. W. H. Schramm {Chem. 2eiL, 1919, 
43 , 69 — 70). — Evolution of gas is sometimes noticed when fused 
sodium hydroxide is dissolved in water; the greater part of this 
gas is air contained in the sodium hydroxide, but a small quantity 
of oxygen, in addition, is also present. For example, 400 grams of 
fused sodium hydroxide, when dissolved in water free from dis- 
solved gases, yielded 14‘45 c.c. of gas containing 28' 7% of oxygen. 
The quantity of oxygen in excess of that due to tlie air is derived 
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from the decomposition of an alkali compound of a higher ferric 
oxide; this compound is present in the sodium hydroxide, and is 
probably sodium perferrite, Na 20 *Fe 204 . [See, further, t7. Soc. 
Ohem. IM., 1919, April.] W. P. S. 

Normal and Acid Sulphates of Sodium. Paul Pascal and 
Ero (Bnll. Soc. chim., 1919, [iv], 25 , 35— 49).— A study of the 
equilibrium of the ternary mixture, Na 2 S 04 -H 2 SO 4 -H 2 O, over a 
temperature range from -30° to 120°. The results confirm the 
existence of the following anhydrous salts and hydrates; NagSO^ 
and its hepta- and deca-hydrates ; Na 2 S 04 ,NaHS 04 ; NaHSO.; 
NaHS 04 ,H<, 0 ; NaHS 04 ,H 2 S 04 ; NaHS04,H2S04,l*5HoO; 

2 NaHS 04 ,Na 2 S 04 . 

There was no indication of the formation of the hydrate of the 
intermediate salt, Na 2 S 04 ,NaHS 04 , or of the hydrate, 
Na2S'04,2-5— 3 H 2 O. 

Determinations were also made of the temperatures of commence- 
ment of solidification of solutions of sodium sulphate in different 
concentrations of sulphuric acid. Anhydrous normal sodium sul- 
phate is only obtained at the higher temperatures and from dilute 
acid. From results obtained with solutions of sodium hydrogen sul- 
phate it is shown that, in order to crystallise this sulphate, a con- 
siderable quantity of acid must be added to the solution, an acidity 
equal to 65% sulphuric acid being necessary in order to obtain the 
anhydrous hydrogen sulphate, the acid sulphates of the type 
NaHS 04 ,H 2 S 04 only being obtained with an acidity exceeding 80%. 

In order to recover some of the acid from sodium hydrogen sul- 
phate, one of two processes may be adopted. At the ordinary tem- 
perature a 40 — 45% solution of the acid sulphate may be prepared 
and then cooled to - 20 °, the liquid being sown with a crystal of 
the decahydrate, N’a 2 SO 4 , 10 H 2 O. The liquid separates into a solid 
phase, and a liquid phase containing at the most 30% of sulphuric 
acid and about 10 % Na 2 S 04 . The second method suggested is to 
prepare a 75 % solution of the anhydrous hydrogen sulphate at 100 ® 
and cool to the ordinary temperature. The liquid phase obtained, 
contains about 50% of sulphuric acid. [See J. Soc, Chem. 

1919, April.] W.' G. 

Basic Exchange in Silicates. II. E. Ramann and A. 

Spengel (Zeitsch. anorOyChem., 1919, 105 , 81 — 96). — Experiments 
have been made on the Action of mixed salt solutions on ammonium 
permutite, prepared by treating sodium permutite with ammonium 
nitrate. With mixed solutions of potassium and calcium chlorides 
in equivalent concentrations, the ammonium is completely replaced. 
The composition of the resulting permutite is independent of the 
total salt concentration between 0‘1 and 3'25A. The ratio of the 
bases in the end-product is generally different from their ratio m 
the solution, the final permutite containing relatively more of that 
base of which there is a smaller proportion in the solution. When 
potassium, ammonium, and, in most cases, sodium are the predomm- 
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bis^ in the solution, the base ratio in the final permutite 
corresponds with the ion ratio in the solution. When, however, 
calcium predominates in the solution, the proportion of calcium in 
the permutite is much smaller than would correspond with its ion 
proportion in the solution. Calcium chloride solutions do not bring 
about complete basic' exchange with either ammonium, potassium, 
or sodium permutite. It is concluded that basic exchange in the 
case of such silicates as permutite is an ion reaction following the 
general mass action law, but in the case of calcium, and to some 
extent sodium salts, a disturbing factor, probably of a physical 
character, comes into play (compare A., 1917, ii, 468). 

K. H. R. 


Silver Amalgams Rich in Silver. N. Parbavano and P. 
JovANOViCH (Atti R. Accad, Lincei, 1918, [v], 27, ii, 411—412; 
Gazzetta, 1919, 49, i, 6— 9).-Silver amalgams rich lu silver were 
prepared similarly to the gold amalgams (see this vol., ii, 161). 
The specific electrical conductivity curve is not continuous, but 
consist of two distinct branches: the first extends from 0 to about 
2% of mercury, and has the form characteristic of solid solutions. 
The second, from about 2% to 14% of mercury (the highest propor- 
tion of mercury attainable by the method of preparation used) is 
a straieht line, this being characteristic of alloys composed of two 
distinct crystalline individuals; the latter are the saturat^ 
crystals with 2% of mercury and, according to Remders (A, 19Ub, 
ii, 219), the compound, Ag^Hg. 1. ii. r. 

[Pure] Calcium Hypochlorite to Replace Dakiu's Solution. 

P. Michaelis (Munch, med. Woch., 1919, 66, ^5).-Jh6 
Griesheim-Electron works manufacture as hy^rit an almost 
pure caleium hypochlorite containing a little calcium chloride a 
f:; rnriimefTt has over 80% of avaUable c brine, and fonns 
stable powder which can be compressed into tablets “ 
dosage It readily dissolves in water to an almost clear, very 

, fairtly alkaline solution, which replaces that of Dakm. 

YeUow Cuprous Oxide. L. Moser (Zeitsch. amrg. 

1919, 105, 112— 120).-Th6 best method ior 

cuprous oxide is by the ° It can’^aL be prepared elec- 

hydroxylamine in presence of alkal . .i^trolyte and »ii anode 
trolyticaily, using an alkali sulphate s ^^uced by Fehling's solu- 
of pure copper. When a copper salt i denenda on 

tion the character of the ■ when excess of 

the relative proportion of tartrate but with 

tartrate is uid, red, crystalline 

little tartrate, the cuprous oxide is y® b^bt yellow 

intifardTpXlfaryd^^^^^ 
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product contains a variable quantity, 2 — 3%, of water, held prob- 
ably by adsoq>tion. At high temperatures, above a low red heat 
the water is lost and the yellow, amorphous oxide changes into the 
red, crystalline form. The yellow cuj^ous oxide is to be regarded 
as a primary metastable form, the r^, crystalline form being the 
stable one. E. H. R. 

The Carburation of Ceric Oxide. A. Damiehs {Am. Ghim. 
1918, [ix], 10, 330 — 352. Compare A,, 1918, ii, 442). — The author 
shows that the product described by Sterba (compare A., 1902 
ii, 399) as an oxycarbide of cerium, CeC2,2Ce02, is not a definito 
compound at all. The formation of cerium carbide, CeC2, in an 
electric furnace takes place in three stages : 2Ce02 + C= CO 
Ce5|08 + 9C=2CeC3+ SCO, CeC3=C6C2 + C. The carbide, CeCg, is 
soluble in the cerous oxide, and the intermediate products obtained 
in the carburation are really solid solutions of this nature, their 
content of the carbide, CeCj, varying with the intensity of carbura- 
tion. This higher carbide in its turn decomposes, giving the known 
carbide, CeC2, and graphite, thus accounting for the fact that a 
pure carbide has never been obtained. W. G. 

Disperse Aluminium Hydroxide. 1, Y. KohlschOtter 
{Zeitscih. anory. Chem.^ 1919, i05, 1 — 25). — The physical form of 
any solid substance appearing as the result of a chemical reaction 
is influenced by the many variable factors which collectively deter- 
mine the conaitions operative at the time of its formation. In 
particular is this the case when the sphere within which the reaction 
can take place is limited or localised, as where a solid is formed by 
a reaction between a second solid and a liquid or gas, the reaction 
being localised at the surface of the solid. The author’s work on 
the different forms of silver and arsenic (A., 1913, ii, 589, 953) 
demonstrated the dependence of the physical form of the product 
on that of the starting material. It is suggested that such strictly 
localised processes as those here cited should be termed “topo- 
chemical’' reactions. The study of such reactions is important in . 
connexion with the chemical and physiological processes in plants 
and animals, and for the study of mineral morphology. 

As a noteworthy example of a topochemical reaction, the author 
has studied the formation of pseudomorphs of aluminium hydroride 
by ihQ action of ammoni v^solution on crystals of aluminium sulphate 
or ammonium alum. When crystals of either of these salts are 
immersed in ammonia solutions (1 — lOY), inore or less perfect 
pseudomorphs of the original crystals in aluminium hydroride are 
formed, the change being quite rapid and complete. The pseudo- 
morpha can be dried, and sometimes even ignited, without lesing 
their form. The physical oharaoteristics of the pseudomorphs vary 
very considerably with the reaction conditions, depending especially 
on the ammonia concentration, temperature, nature of the original 
crystals, and the naturae? the salts present in the reacting solution. 
For the ^perkLeats^/dr^tal particles of graduated sizes were used, 
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and ill otdw to charactetise the resulting pseudouiorplis, the average 
sise of the particles was measured after drying at 40° 110° and 
at dehydrating temperature. The pseudomorphs were always 
smaller than the original crystals, the shrinkage being greater when 
stronger ammonia solutions were used. The density of the pseudo- 
mofphs was always greater from alum than from aluminium 
sulphate, other conditions being the same. The presence of other 
salts in the reacting liquor, such as ammonium sulphate, chloride, 
nitrate, and carbonate, had a considerable influence on the character 
of the product. The denser pseud omorphs were generally more 
transparent than the lighter ones. 

The pseudomorphs are undoubtedly true gels. After drying at 
40° they are rapidly peptised by dilute hydrochloric acid, but Titer 
drying at 110° peptisation is slower. The character of the. sol 
obtained varies with that of the pseudomorphs in the same way as 
their density. The peptisation experiments indicate that the degree 
of dispereity is greatest in the densest pseudomorphs. The 
mechanism of the formation of the pseudomorphs and of their 
peptisation is discussed, the latter being considered a chemical reac- 
tion between the hydroxide and acid, as suggested in a previous 
paper (A., 1916, ii, 485). E. H. K, 


The Behaviour of some Alkali Alumino silicates at High 
Temperatures, H. Lkitmbikr [Zeitsch. anorg. Chevi,, 1919, 105, 
09 — 80), — The work here described was undertaken to a.^icertain 
whether alkali-aluminosilicates, by heating for some time at a 
temperature just below their melting point, undergo deeomposb 
tiou with loss of alkali to such an extent that the accuracy of the 
melting-point determination would be affected. Two minerals were 
examined, a very pure fonn of orthoclase, adularia, m, p. 1145 ±5°, 
and the sfxiium aluminosilicate, labradorite, m. p. V245- 1250°. 


Samples of each mineral were kept upwards of 500 hours at a 
temperature 10° below the melting point. A small and gradually 
increasing loss of weight was always observed, of the order of about 
jO' 2%. The loss of weight is attributed to loss of alkali, but is too 
small to confirm bv direct alkali estimation, I'h H, U. 


Purification by Sublimation, and Analysis, of Gallium 
Chloride. Thbodork W. KichardSs W. M. Chaio, and J. 8)AMeshima 
(./. Amer. Vhem. Soc., 1919, 41, 131~132).--The method here 
described for the purification of gallium salts is based on the fact 
that gallium trichloride sublimes and distils at a low ternpei ature, 
whereas other chlorides likely to be associated therewith are miioli 
less volatile. In the apparatus used,_ gallium could be burnt in 
])ure, dry chlorine, and the impure gallium trichloride thus obtained 
distilled in pure chlorine, in nitrogen, and in a vacuum successively; 
the parts of the apparatus were fused together, so that rubber con- 
nexions and ground joints were avoided. Distillation in nitrogen or 
in a vacuum was found ncceesary to eliminate dissolved chlonne. 
The resulting product showed no trace of any other substance in its 

VOL. cxvi. ii. ^ 
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spark spectrum when examined in a Hiiger wave-length, spent lo- 
meter, In the best of three preliminary experiments, 0’43947 gram 
of gallium chloride yielded 1 ‘07087 gram of silver chloride, having 
required 0*80587 gram of silver for complete precipitation; the 
values of the atomic weight of gallium calculaW from these two 
data are 70*09 and 70*11 respectively; the determination is to be 
repeated with larger quantities of the gallium chloride. 

T. H. P. 

Purification of Gallium by Electrolysis, and the Com 
pressibility and Density of Gallium. Tdeodobe W. IIichakds 
and Sylvester Boyer {J. Amer. Vhem. Soc., 1919, 41 , 133 — 134). 
— The separation of gallium from ipdium by a method based on 
the different solubilities of the hydroxides of the two metals in 
alkali hydroxide solution is incomplete, the gallium thus obtained 
always containing several per cent, of indium and never showing a 
higher melting point than 26‘9°. Electrolysis in slightly acid solu- 
tion of a salt of the gallium partly purified by the above process 
(compare Dennis and Bridgman, A., 1918, ii, 456) yields far better 
results, the melting point of the gallium deposit^ being 30*8® 
which is higher than any value yet given in the literature. 

The compressibility of solid gallium is found to be 2‘09 x 10“^, 
this value falling exactly on the curve representing compressibibty 
as a periodic function of the atomic weight; gallium containing 
several per cent, of indium, as obtained by the hydroxide process, 
gives an appreciably lower value. For liquid gallium, the com- 
pressibility is 3'97 X 10-®, a value almost exactly identical with that 
of mercury and nearly twice as great as that of solid galliuni, 
although its specific volume is less. This result is in agreement 
with the universal law that solids have compressibilities distinctly 
less than those of the same substances as liquids, quite irrespective 
of their specific volumes. 

The densities of solid and liquid gallium are 5*885 and 6*081 
respectively. 

Influence of Different Factors on the Critical Velocity of 
Tempering of Carbon Steels. A. Portevin (Comp. real. 
1919, 168 , 346—348. Compare A., 1917, ii, 372).— From a study 
of the time of tempering as a function of the diameter of homo- 
thetic cylinders, and of the hardness as a function either of the 
time of cooling or of the diameter of the cylinders, it is shovro 
that, for a carbon-steel containing 0—1*07%, Mn=0*08%, the ratio 
r, time of cooling,, to the diameter is given graphically by two 
straight lines, differing according as the diameter is above 14 mm. 
or below 13 mm., and at the same time the hardness undergoes a 
change of about 200 Brinell units. These two phenomena are the 
consequence of the sudden lowering of the temperature of trans 
formation with cooling and of the change in the microstructure 
The critical velocity of tempering, or, more exactly^ the region o 
velocities of cooling in which this sudden change of 
occurs, appears to be the most characteristic property of steel w . 
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far as its tempering is concerned. The critical i 

influenced notably by the manganese content of the te^decret” 
mg with it. The minimum temperature of hard 
taction of the velocity of cooling, and is lower asthe velofity is 

rmlts, using a steel wire 0’32 mm. in diameter (A 
1917, 11 , 414), when compared with the author’s results on a cylinder 
20 mm. in diameter made of steel of almost the same carbon and 
manganese content lend support to the view that pressure plays an 
important part in the formation of troostite. ^ g 

Some ^ed Crystals of Calcium Ferrite and Alnminate 

Edwaud D. Campbell (/. cUm ., 1919 11 m-luo 

Compare ihuL, 1913, 5, 627; 1915, 7, 836; A 1914 ’ii 7721.^1 
Cooling curve and micrographic investigations have been carried 

n composition 

» 1 oVT (compare Shepherd, Rankin, and Wright 

A 1911, 11 , 725; Rankin and Wright, A., 1915, ii, 50; Sosman aiui 
Merwm, A., 1916, ii, 618), and (2) what is formed when a mi.vt„re 
ot calcium oxide, feme oxide, and alumina is melted and then 
cooled slowly enough to permit the material to be nearly in equil- 
ibrium during the entire cooling period. The results obtained 
connrm the statement that dicalcium ferrite 2CaO FeiO and 
moiiocalcium ferrite, CaO^Fe^O,, are the only definite' cc^pounds 
ol lime and ferric oxide. Pure tricalcium aluminate, 3Ca0Al>0,, 
may be recovered by crystallisation from a solution of lime in the 
compound, SCaOjSAlgOg, as a solvent provided that the concentra- 
tion of the lime at the beginning of the crysUllisation is less than 
IS required to form tricalcium aluminate with all the alumina 
present. If a solution with the empirical formula SCaOjSKpOj, 
containing ferric oxide and alumina in the molecular proport>ioii 
1:3, is slowly cooled, mixed cijstals with the ferric oxide and 
alumina in the ratio 1 ; 7 crystallise out; until the ratio Fe^O^ : AloO,, 
in the solution has been increased to 3:5; mixed crystals in the 
latter ratio then crystallise out, further increase in the Fe,0.^ : Al.>0,j 
latio being produced until, at about 1370°, the ratio reaches the 
value 1:1, Those aluminat-es in which part of the alumina is 
replaced by ferric oxide are capable of holding in solution les.s 
caleium oxide than the pure alumiuates. T. H. P. 

A New Method of Determining the Allotropic Trans- 
lOrmation of Nickel. Ernst Jankcke (^eiisc//. angew. Chem., 1018 , 
31, ij 229; Zeitsch, Elektrochejn., 1919, 25, 9 — 17).— -Allotropic 
changes in metals are accompanied by a change in the rate of 
expansion, which, however, is so small that it is difficult to detect. 
Ihe following method allows the change to be observed over short 
IS well as long intervals of time. A nickel cylinder, 45 cm, long, 

IS inserted in a low-pressure press (3000 kilos.) used for textile and 
compressive strength t^ts, and heated by means of a resistance 
:urnace. The variation in length produces a movement of the 
Jpper movable plate of the press, which can be registered ; move- 

6 * 
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■Wits as seuU as 0*007 mm. are indicated. Hw laransfonaation 
temperature of nu^ is 347—360®; the expamaon graph ocmsists of 
two straight lines, (hat above the transforroatioc temperature being 
the more staepJj inciiaed. W. R. g. ® 


MoleeuJao* Gompounda with High Co-ordixiatioii Numbers 
aid with Atomic Groups as Oo^ordmation Centres. The 
ahbereochamiatry o! liu^ganic Boron, Silicon, and Phos 
pbofun Compounds. Pasi. Pfeiffsb (Zeitsck anorg. Ohm 
1919, 106, 26 — 34). — The type of crystal st^cfcure which has been 
revealed by the study of crystals by means of Z-rays can be ex- 
plained di«nieaHy on the assumption that the crystal is a complex 
molecular compound of the oo-ordiuated type. It is necessary, 
however, to assume that not only atoms, but also groups of atoms 
Hiay function as co-ordination c«ita*es, and that co-ordination 
numbers as high as 8 or 12 are possible. The distribution of the 
o(M)rdinat©d groups around the central atom or group can be r^re- 
sented by reference to a cube^ When the co-ordination number is 
4, the eo-ordinated groups occupy alternate comers of the cube 
(tetrahedral g^rouping); six similar groups occupy face centres 
(octahedral grouping) ; eight groups occupy all cube comers (cubic 
grouping), and twelve groups are situaW at the centres of cube 
edges ((cubo-octahedral grouping). The author proceeds to show 
that a number of Imown compounds may be represented as co- 
ordinated compounds with oo-ordination numbers 8 or 12. 
Among the former are induded ccanpounds of the type 
[Mg(OH2),]Cl„ [Mg(OH,)8]BiCl5, [Ai(OH,)J,(SO,)„ [Ca(NH5),]a, 
and the well-known series of double nitrate of the rare earths of 
the t^e [M^(0H2)gyM^''(N03)g]2. A number of double fluorides, 
eyamd^, and oxalates are also included. 

The alloys of the type NaZni2, ^Hgi2 ^re typical molecular com- 
pounds of the 12-co-ordinated type, and should have the same 
crystalline structure as the metals copper, silver, and gold. The 
alums can also belong to this type, [M'''(0H2)i2](S04)2M^ and 
also a number of dodecahydrates of metallic salts. Specially 
interesting in this connexion are the phospho-, silico-, and boro ' 
tungstates described by Rosenheim and Janecke (A., 1918, ii, 77). 
The respective tungstic acids may be represented by the forniulse: 


[(P®',)(W0a)jH,. [(Si®<)(W 03 ),jH,. [(B®<)(W 03 )^ 3 ]h, 

In these formulae, the central atom (P,Si,B) has six co-ordiuated 
oxygen atoms, and the -jroup (ROg) itself functions as a co-ckrdina- 
tion oeatre with twelve co-ordinat^ (WO3) groups. In the group 
(ROg) it is necessary to distinguish two kinds cA oxygen atoms in 
order to account for the number of ionised hydrogen atoms in the 
moleeule. This distinction brings in the possibility of the existr 

ence of isomerides, since the groups and (^Og'") 

given an octahedral space configuration can have both 
tram fonns. ftwse consid^ations are in perfect agreement with 
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the facts, for both silicotungstates and borotungatat^ of this type 
are known in two forms, whereas no isomeriam has been observed 
in the case of the phosphotungstates. E. H. R. • 

Investigation by means oi I-rays oi Ibe Crystal Struc- 
ture ol Mtfbitfi and GreyTin. A. J. and H. KoLitnuijEn 

(Ffoc. K. Akad. Amsterdam^ 1919, 21, 494—500, 501—504).— 
From the photographs of white and grey tin previously obtained 
ithis vol., ii, 108), the crystal structures of the two forms have been 
deduced. T. H. P. 


Gold Amalgams Rich in Gold. IS". Parravano and P. 
JovAKOViCH {AUi U. Accad, Lincei, 1918, [v], 27, ii, 364— 368 j 
Oazzeita, 1919, 49, i, 1—6, Compare this vol, ii, 69, 155).— 
Previous inv^fcigations by various authors lead to the conclusion 
that in gold amalgams containing between about 90% and 100% 
of gold, mercury exists dissolved in the gold to form solid solu- 
tions. In order more clearly to define the nature of these gold 
amalgams rich in gold, the authors have measured the electrical 
resistances at 25° of pure gold and of a series of twenty-one of 
the amalgams containing from 0-4859% to 9-593% of mercury. 
These amalgams were prepared by coating gold wire about 
0'5 mm in diameter electrolytically with mercury, heating 
the wire at 200® for two to three hours, then coating again 
with mercury and heating, this procedure being continued until 
the resulting amalgam assumed the desired composition. Ihe 
homogeneity in composition of the amalgamated wires was denmm 
strated by microscopic examination and also by analysis, the 
speciae conductivities of the different amalgams are given in the 
tarns of a table and a curve, the latter showing a continuous 
diminution in the conductivity of gold by 
of mercury. This behaviour is characteristic for solid 

Action oJ Alkalis on Crucibles made of Alloys of Platinum 

if •' ~S 

in them, and the crucibles aie sub..efiueu y . , „ia 
and then with dilute acid, ^ew erucib e i^^t 
crucibles, and the presence more corrosive 

acce to corrosion. Potassium by dr alloys of gold, 

than .odium hydroxide. In the case of cruciW- ^ ’ 

those made from gold-palladium a oy ^ seriously 

the fused alkali hydroxides, hut even r necessary for the 

attacked by sodium peroxide at t''® ‘ g oxide at 825= 

decomposition of minerals such as W. G, 

is much less corrosive than the alkali y 


6*— 2 



ii. 162 


ABSTRACTS OF CHEMICAL PAPERS. 


Miueralogical Chemistry. 


Volcanic Explosions. I. Explosive Eruptions and their 
Phases. Combustion of Hydrogen. Yentubino Sabatiki {Atti 
R. Accad. Linceif 1918, [v], 27, ii, 360 — 364). — Water-vapour alone 
is capable of explaining the mechanical effects produced in volcanoes 
and the projections from the latter, and there is evidence indicating 
that water-vapour constitutes almost the whole of the gaseous pro- 
ducts of volcanic smoke columns ; the source of this vapour is not 
yet established. At the high temperatures prevailing in the depths 
of volcanoes, the water-vapour is easily decomposable by various 
elements, with liberation of hydrogen; actual dissociation of the 
water-vapour to any large extent is improbable owing to the high 
pressures existing. 

The presence of water in the lava may be derived from water of 
infiltration meeting the very hot lava and being absorbed and 
decomposed by it, the hydrogen and any r^idual uncombined 
o:^gen passing up into the crater and there meeting the atmo- 
spheric oxygen entering through the fissures, and thus giving rise 
to violent explosion. The law connecting pressure and temperature 
inside the laval mass is not known, but it is probable that the latter 
does not increase at the same rate as the former. At the high tem- 
peratures prevailing at great depths, the hydrogen remains gaseous, 
and at 2000^ reaches its maximal density (co-volume). 

Laboratory experiments show that the minerals formed at the 
highest temperatures are spinels, melting at 1900°, whilst iron 
chromate melts at 1850°, quartz at 1775°, and peridot es at 1730° 
or above; others generally melt below 1700°. Thus at 2000° or, 
under high pressures, at a considerably lower temperature lava 
cannot contain elements in the solid condition. T. H. P. 

Volcanic Explosions. II. Calculations on the Combus- 
tion of Hydrogen. Comparison with Ordinary Explosives. 

Venturino Sabatini (Atti R. Accad. Lined, 1918, [v], 27, 
ii, 405 — 407. Compare preceding abstract),— The energy deve- 
loped in the explosion of one-ninth of a kilogram of hydrogen, with 
a co-volume of 1240 litres, is considered, and it is shown that 

800.000 kilogram-metres remain available for rupturing the cup of 
the crater, for enlarging; ’be latter, and for projecting matter there- 
from, a loss of one-third of the energy in heat effect and in second- 
ary shocks being assumed. With glyceryl nitrate and explosive 
gelatin, the corresponding amounts of energy given per kilogram are 

625.000 and 652,000 kilogram-metres respectively. T. H. P. 

Mimetite, Thaumasite, and Wavellite. E. T. Whbrki 
(F roc. U.S, Nat. Mus., 1918, 54, 373— 381).— Colourless, acicular 
crystals from the Tintic district, Utah, were thought to be penfield- 
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ite until it waa observed that they had different optical constants 
/(o=:2’U, e = 2’13). An analysis made on 6 mg. proves them to be 
mimetite; PbO 73-3, Cl 2-5, kifi, [24-7]%. 

Cryetals of thaumasito are described from West Paterson, New 
Jersey. Although minute, these give the axial ratio a:c=r 
1:0’931±0’003, and several new forms, Thaumasite is described 
chemically as “ di-hydroxy- tricalcium carbono-silico-sulphate crystal- 
lising with UH^O in the hexagonal system.” 

Wavellite, as divergent groups of minute, acicular crystals in 
ferruginous sandstone from Hellertown, Pennsylvania, gives the new 
axial ratio <z : & : c = 0'564 : 1 : 0*404. Analysis by F. Wynkoop agrees 
with the formula (A1[0H,F])3(P04)2 jSH.O of Grotli, rather than 
with that of Dana : 


AlA- 

36-5 


PA- SiO,.. 

33*4 M 


F. 

0 * 8 + 


HjO. Total. Sp. gr. 
28-6 lOOT 2'325 

L. J. S'. 


Connexion between the Optical Constants and Chemical 
Composition of the Scapolites, N. Sundius (Bull Geol Inst. 
Univ Upsala, 1916, 15, 1-12), -The following determination 
support the statement of Borgstrdm (A., 1915, li, 836) that in the 
minerals of the scapolite group the refractive indices and the double 
refraction increase with the percentage of carbon dioxide present. 
T small, yellow grains with pyroxene from Hesselkulla, Sweden, 
li, fine-grained, crystalline material with caJcite, 
from Waldviertel, Lower Austria. Ill, white, fine-gramedwith little 
muscovite and calcite, from Froland, Arendal, Norway. IV-Yl, 
from Vabaivo, Pahtosvaara, and Kalpivaara respectively, all m the 
ICiruna district, Swedish Lapland . 


I. 

II. 

III. 

IV. 

V. 

VI. 





3 

4 
71 
36 
71 

75-5 


II 


27 

36 





6 

3 


li 


70 % 

60 


27 

58 

23 

21-5 


1-5880 

1-5534 

1-583 

1-549 

1.5516 

1-5427 

1-575 

1-550 

1.654 

1-641 

1-550 

1-540 


♦ I, sodium-light ; II— VI, daylight. 


0-o:i40-* 

0 * 0.35 

0012 

002 - 

0 - 05:4 

OOIOl 


SiO,. 




L 46-53 28-41 17-,. 
H. 48-60 27-07 15-69 
IIL 56-83 32-14 7-51 


A 0.1 n 0-04 4-61 n.d. 96-18 2-730 

n d 0-17 0-02 4-48 0-23 96-26 2-710 

Mi ®89 0 23 M 4 1 08 100 12 ' - 


L. J. S. 
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CompOftUioa of Tonrnialinoh'otn Uto^ SwedMi. Hj. SjOgre^ 
{Bvll, Geol. Inst. Univ. Upsalay 1916, 16, 317 — 324). — The occur- 
rence of tourmaline of diffetent colours in the lithia-bearing |)egma- 
tite veins of tho Island of Uto, near Stockholm, has long been 
known. Analyses by N. Sahlbom are of I, the pink variety (“rubel- 
Ute''); green; III, greyish-white, nearly colourless; IV, 

bluish-black. The first three axe alkali -tourmalines, and the last an 
iron-tourmaline. Details are given of the method of analysis. 
Some of the iron is perhaps present in the ferric state, especially in 
IV. The results agree closely with the general formula, 
of Penfield and Foote (A., 1899, ii, 304): 



SiOj. 

BA- 

AlA- 

FeO. 

MriO. 

CaO. 

MgO. 

K 2 O. 

Nap. Lip. 


I. 

36-70 

10- 76 

42-99 

1-35 

0-28 

0-60 

0-10 

0-49 

3-36 0-89 

nil. 

II. 

36-48 

9-74 

40-0S 

3-51 

0-40 

trace 

0-08 

0-86 

2-99 Ml 

0-17 

III. 

36-33 

9-70 

40-99 

1-35 

0-37 

0-95 

0-16 

0-50 

3-04 1-31 

nil. 

IV. 

35-40 

10-45 

34-69 

9-04 

0-41 

1 08 

0-89 

0-60 

3-15 0-72 

0-13 









Total less 





F. 

H2O<105^ H..O.-105" 

0 for F. 




I. 

0-19 


0-24 


2-75 


ioo-6a 



II. 

0-40 


0-17 


3-85 


99-64 



111 . 

0-39 


0-45 


4-02 


90-46 



rv. 

0-29 


0-09 


2-64 


99-46 



L. J. S’. 


Analyses of Swedish Glauconites. Naim a SamlboM {Bull 
Geol. Inst. Univ, Upsaluy 1916, 15, 211 — 212). — Analysis I is of 
material from coarsely crystalline Silurian limestone at Eriksore, 
Oland. The glauconite was separated from the crushed rock by 
means of an electromagnet and pure grains picked out under a lens. 
The grains are olive-green and sharply angular with rough sur- 
faces. Brown, weathered grains were rejected. The material is 
slowly decomposed by hot hydrochloric acid. At 100° it loses 1‘60% 
HgO. II is of- material mixed with quartz grains from Schonen. 
The grains are irregularly rounded, with dull lustre and dark green 
colour; they more closely resemble the ordinary type of glau- 
conite than I. The material is difficultly attacked by hot hydro- 
chloric acid. It loses 2‘7 — 3% H 2 O at 100°: * 



SiO,. 

Alp,. 

Fe^O,. 

FeO. 

CaO. 

MgO. 

Kp. 

I. 

51-35 

9-47 

16-37 

4-75 

0-63 

3-17 

7-34 

II. 

52-74 

12-29 

9-35 

6-30 

0-55 

4-05 

7-97 





AO. 





Na-P. 

F. 

> PPs. 

> 100°. 

Total. 

Sp. gr. 


I. 

1.22 

— 

0-35 

4-85 

99-50 

2-82 


II, 

0-09 

0-13 


5-93 

99-40 

2*73 



L. J. a 

l*hd £ulysiie of Sbdormanland. John Palmgrek (Bull 
Geol. Inst. Univ. Upsala, 1917, 14, 109—228). — Eulysite is a dark, 
fine-grained olivine-augite-garnet rock occurring as beds in gneiss 
at Turaberg and several other places in central Sweden. It is 
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usually clawed with the j^ridotites and sometimes with eclogite ■ the 
present author reprds it as a crystalline schist. The folWW 
minerals were isolated from the rock for optical examination bf 
the Fedorov um^versal method.” The olivine is a raanganfaydite 
an^ysis I m of honey jellow pains pi^ed out from the creahed 
rwk from Gillmge, *nd II of the portion soluble in dilute hydro- 
chloric acid of the rock from Tunaberg. Diopside from the Gillinre 
rock gare III, corresponding with CaMgShOj 19%, CaFegbO 61^ 
and MgFeSi 29 e 20%. Iron-anthophyllite (IV) from Tunabeig shows 
a distinct prismatic amphibole cleavage and straight extinction - 
birefringence, negative, ■y-o=0'020, optic axial angle 2F = 89°6'’ 
The analysis corresponds with 3FeSiO,,-fHSiO., where R=Mg Mn 
Ca. The mineral is very similar to that from"Rockport, Massachu- 
setts (Warren, A., 1904, ii, 45). Analysis V is of hornblende from 
Oillinge. Griinerite, from Stromshult, Tunaberg, with extinction 
angle (c: 7 ) = 14-5°, gave VI, coires^nding with FeSiO, RSJOj. 
The relation of this to other monoclinic iron amphiboles is discussed. 
VII of potash-felspar, mainly microcline with some orthoclase, from 
Gillinge. Garnets at Tunaberg are represented by almandine’(anal. 


€ 


72 


TI, 


,^•19 


28-22 — _ _ M‘20 

SI ■82 — 0*40 — S512 

in, 49-84 — 0-78 0'50 19‘85 

IV. 4r'4« O-OS 014 0*84 42'84 

V. 37-30 0-93 12-75 7-18 19-73 

VI. .50-79 0-07 0-55 0-84 80-64 

Vri. 65-15 — 18*14 0-57 ~ trace 

VITT. 37-21 002 19-37 2-50 2S’48 1104 

IX. 37-11 0-10 1 9*68 1*93 7*7 2 26*45 

X. 47-92 — 0*16 0*46 13*78 27*96 

* Alao F, 0*17. 


0-50 
1*68 
6-90 
3*88 1-05 

1*42 11*46 
5-98 1-42 


2-32 

4-39 

18*42 

5*05 

4-94 


0*08 trace 14' 

5- 75 0'58 - 

6- 39 0*75 

•*20 3-58 - 


— 0-85 

— 0*07 
0*90 1'22 

— 1-87 
1-27 0 41 

— — 0'15 

- - 0-11 

- - 0*38 

t Also BaO, 0’ 


H 

99-43 
IMt-OO 
100 -30 
100-25 
99-(i3» 
99'98 
100-191 
100-16 
100-24 
100*34 
■49. 


3*544 

8*M 

d'36 

3*306 

2*595 

4-115 

4-09 

3*00 


VIII) and spessartite (IX) ; tlie former is intermediate in com]>osi- 
tion between tj^ical almandine and spessartite, and is called man* 
ganalmandine. Veins in a richly manganiferous eulysite at Tuna- 
berg are filled with a pyroxenic mineral (named sohraHtfi)^ together 
with manganfayalite and spessartite. In hand-specimens the former 
is brown vdth a lilac tinge. Analysis X is of opaque, pale lilac 
grains, and corresponds with iMnSiO^, 2 FeSi 03 , CaSi 03 , MgSiO.j. 
Optical examination shows it to be triclinic with cleavages in three 
directions, and to differ from pyroxmangite (Ford and Bradley, A., 
1913, ii, 869) in the position of the optic axial plane. Analyses, also 
by R. Mauzelius, are given of the rock and of the associated iron- 
ores and limestones. ^* J* ®* 
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Analytical Chemistry. 


Rii^ Formation in Heactions . F. Rejss and G. Diesselhorst 
[Ghem. 1919, 43, 39). — Certain reactions, such as the blue 
coloration given by nitrates with diphenylamine and sulphuric 
acid, are characterised by the formation of a ring, preceding the 
production of a coloured zone. This is due to adhesion between 
the liquid and the glass of the tube, and the greater the surface 
of contact the more sensitive is the reaction. C. A. M, 

Use of Filter paper Pulp in Analysis. 0. Hackl (Chm, 
Zeit.^ 1919, 43, 70—71). — The addition of a quantity of filter- 
paper pulp is advantageous in the filtration of such precipitates as 
barium sulphate, calcium oxalate, sulphur, ferric hydroxide, 
aluminium hydroxide, etc., but it should not be used in tbe last 
two instances when it is desired to re-dissolve the precipitates in 
hot hydrochloric acid. A precipitate of ferric hydroxide mixed 
with filter-paper pulp, when ignited, forms a finely divided powder 
which dissolves readily in hydrochloric acid. In the case of filtra- 
tion of silica from a solution containing aluminium salts, the 
presence of filter-paper pulp retards the rate of filtration. [See, 
further, J. Soc. Chem. Ind.^ 1919, 235a.] W. P. S. 

The Replacement of Platinum by an Alloy in Apparatus 
for Electrolytic Analysis . Paul ^^icolardot and Jean Boudet 
(Bull. Soc. chim.^ 1919, [iv], 25, 84 — 86. Compare A., 1918, 
ii, 425). — For the preparation of cathodes, the authors recommend 
the use of an alloy of gold and copper in the proportion of 9 : 1 
in place of platinum. The total loss in weight of such a cathode, 
weighing 23 '5 grains, was only 0‘001 gram during twenty estima- 
tions of different types. Anodes may be prepared from the same 
alloy, but should be coated with a thin layer of platinum electro- 
lytically deposited. W. G. 

Apparatus. H. Vigreux (Ann. FaUtf., 1918, 11, 385—387).— 
A'pjHiratiis for the Estimation of Ammonia. — The distillation flask 
is connected with a vertical fractionating column, the upper part 
of which is connected with a slightly inclined condensing apparatus. 
The latter condenses the steam, and the greater part of the con- 
densed water returns through the column into the flask, whilst tie 
ammonia vapours pass to an absorption vessel. Safety. Valve for 
Water Pnmps. — ^The valve, which is placed between the pump and 
the vessel from which the air is to be exhausted, consists of a 
vertical chamber containing a float; if water flows back from the 
pump and enters the lower part of the chamber, the float rises and 
cuts off connexion with the other portions of the apparatus. 
Condenser. — Numerous cross tubes are provided in the 
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of an ordinary Liebig condenser; these tubes provide a free passage 
for the watOT in the jacket and increase the available condensing 
surface. [See, further, Soc, Chem. Ind., 1919, 200a.] 

W. P. S. 

Absorption Pipettes. E. van Alstine (/. Ind. Eng. Chem., 
1919, 11, 51— '52).— Two vertical cylindrical bulbs, placed one 
above the other, are connected by a short length of glass tubing, the 
centre portion of which is constricted to a capillary. A side-tube 
connects the top of the upper bulb with the tube below the 
capillary. The bottom of the lower bulb is, by a swan neck tube, 
connected with the top of a third bulb, and this, in turn, with a 
fourth bulb. For use, the absorption solution contained in the 
fourth bulb is drawn over so as to fill the two cylindrical bulbs; 
the -gas (for example, air containing carbon dioxide) is admitted 
from the measuring burette into the top of the upper bulb and 
passes into the lower bulb through the side-tube. Meanwhile, the 
solution passes gradually through the capillary and continually 
wets the interior wall of the lower bulb, which now contains most 
of the gas. Some absorption also takes place in the third bulb, 
the fourth bulb serving as a reservoir for the solution. [See, 
further, J. Soc. Chem. Ind., 1919, 201a.] W, P. S. 

Simplified Gas Analysis : Burette without Stopcocks 
for Gas Analysis. J. J. R- Macleod (J. Lah. and Clvi. Med., 
1918, 4, 69—72; from Physiol. Ahstr., 1919, 3, 553— 554).— The 
apparatus is designed for teaching purposes, and is based on that 
of Haldane. The chief difierences. are that it has screw clips instead 
of stopcocks, and a special "pressure adjuster'" to adjust the gas 
pressure in the burette after the screw clips have been tightened, 


Method for the Extraction and Estimation of Dissolved 
Gases in Water. F. W. Richardson (/, Soc. Chen. Ind., 1919, 
38, 32— 33t).— A strong glass bottle of about 1 litre capacity is 
filled with the water. The lower tube of a bulb or funnel provided 
\wth two taps is passed through a rubber stopper, the air is 
exhausted from the bulb, and the stopper is inserted m the bottle, 
thereby connecting the tube with the water. When the Up is 
opened a small quantity of the water enters the bulb, evolution of 
gas at once begins, and, if the bottle is placed m water at about 
40° and the gases removed occasionally from the bulb, 
will continue to boil until all the gases have been ex^ll^ and 
collected. * W. I', b. 


Estimation of Chlorate and Perchlorate in Potessi^ 
Nitrate. A. Wogrinz and J. Kuber ^ 

21—22).— The methods described by Fors^r ^ ^Jh 

Tschernob&v (A., 1905, ii, 416), WinWer (A., 1898, 90), and 

Hendrixaon (A., 1904, ii, 679) were found to be trustworthy^ 
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Bapid Method of Eetimating Stilphide Sulphur in Pjriies. 

A. Bartsch ipKem. Zeit,, 191^, 43, 33 — 34). — On heating pjrrites 
with hydrobromic acid in the pfesence of metallic mercury the 
whole of the sulphide sulphur is liberated as hydrogen sulphide. 
Air is expelled from the apparatus, and the last traces of hydrogen 
sulphide afterwards driven forward by means of a current of carbon 
dioxide. The hydrogen sulphide is absorbed in an acetic acid soIu~ 
tion of cadmium acetate or of zinc acetate and cadmium acetate 
and is subsequently estimated by an iodometric method. [See also 
J. Soc. Ghem. Ind., 1919, 171a.] C. A. M. 

Estimation of Phosphorus in Vanadium Steels, Ferro- 
vauadium, Non-vanadium Steels, and Pig Iron. Chas. 
Morris Johnson (J. Ind. Eng. Chem., 1919, 11 , 113 — 116).— The 
methods here described make Use of a faintly ammonia cal 
ammonium molybdate solution, which is easy to prepare and con- 
venient to handle, and keeps clear indefinitely. The true phos- 
phorus content of ferrovanadium containing as much as 56-7% of 
vanadium may be estimated. [See, further, J. Soc Chem Ind 
1919, 179a.] T. H. P. ’ 

Organic Phosphorus of Soil : Experimental Work on 
Methods for Extraction and Determination. J. C. Schollex- 
BERGEB (Soil Sci., 1918, 6, 365 — 395. Compare Potter and Benton, 
A., 1917, i, 76). — ^Very full details are given for the estimation of 
inorganic phosphorus and total phosphorus in the soil, using Neu- 
mann’s wet combustion for the latter. For the preliminary removal 
of bases, prior to the extraction of organic phosphorus, it is recom- 
mended wash the soil with 1% hydrochloric acid until 50 c.c. 
of the extract no longer contains any calcium, after which the acid 
is washed out by means of a saturated solution of carbon dioxide. 
The residual soil is then extracted with 4 — 6% ammonium hydr- 
oxide, using 400 grams of soil per litre and shaking two to eight 
hours, the extract being subsequently filtered through a layer of 
the soil on a Buchijer funnel, this process taking one to three days, 
and being the most satisfactory for the removal of clay from the 
extract. Sodium or potassium hydroxide is no more efficient 
than ammonium hydroxide in extracting organic phosphorus from 
the soil, and one extraction by the latter alkali, using the proper 
procedure, removes frrm the soil practically all the organic 
phosphorus that is cap^iifle of being taken into solution. 

No constant relation was observ^ between total organic matter 
and organic phosphorus in the ammoniacal extracts, although, as 
a general rule, they varied in the same direction. For a given 
soil, it was found that the humus and organic phosphorus in, and 
the colour of, the ammoniacal extracts, and the total nitrogen con- 
tent of the soil in the four layers, 0 — 6 in., 6 — 12 in., 12—1^ 
and 18 — 24 in., are present in the same relative proportions in each 
layer. W. G- 
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Vkt Estimation of Phosplmric Acid a, : 

PiospiiomolTbdato. J, OusL (B,A 

128).~A reply to Vilfiers 


2Sf 87 — Compare A 


W. G. 


(compare A., 1916, ii, 333). 

Estimation of Boric Oxide in Glass i n o 

T. E. WasoK (J. Soc. Gks, Teck^ 1918, 20, 
and Taylor’s modification {Chm. Sews, 1915 'ni fijl J 
Wherry’s 1910, ii, 92) yields’ trustLayHesd s 

all cases, whilst Wherry’s method itself is mitrnsjorthy Jhe 
the glass contains much smc or lead. In the modified method the 
sodium carbonate fusion is dissolved in water, the iiisoliildc ’zinc 
lead, etc.^ carbonates are removed by filtration, and the. filtrate 
then acidified and treated as in Wherry’s method. W P tl 

Micro-elemeutary Analysis of Organic Substances J Y 

J)VB,Ky (H eh Ckim. Acta, 1919, 2, 63--.?5),_A description of 
the methods of estimating carbon, hydrogen, and nitrogen by 
micro-analysis. The advantages of a new micro-balance by 
P. Hermann, are enumerated. C S ^ 


l^roelementary Analysis of Compounds containine 
Sulphur, Halogens, and Oxidised Nitrogen. Double Com 

bustion. Ch._ GrLyachee {Helv, chm. Acta, 1919, 2, 76—84).- 
To avoid obtaining High results in the estimation of carbon in 
organic compounds containing .sulphur and halogens, and particu- 
larly in highly nitrated substances, the author employs a layer of 
lead peroxide 5 cm. in length at the forward end of the combus- 
tion tube beyond the silver roll. The lead peroxide must be main- 
tained at a temperature between 170° and 180°, and this i.s secured 
by fturrounding this portion of the combustion tube with a copper 
chamber containing boiling aniline. 

A "universal tube^^ suitable for the combustion of any sub- 
stance obtained in the organic laboratory is one filled from the 
boat forwards with (1) silver roll, ('2) mixture of equal parts of 
copper oxide and lead chromate, (3) silver roU, and (4) lead per- 
oxide. 

Arrangements of apparatus are described whereby the estima- 
tion of the nitrogen or of the carbon and the hydrogen in two 
substances in two tubes side by side can be performed 
simultaneously. C. S. 


'iTte Red lodotannic Reagent, D, E. Tsakalotos and 
D. Daluas (Bull, Soc, chim., 1919, [iv], 25, 80—84). —The 
sensitiveness of the iodotannic reaction (compare A,, 1918, ii, 454) 
is much greater than that of starch-iodide, especially for very 
dilute solutions of iodine, but the reaction is interfered with by 
the presence of potassium iodide, which, on the other hand, in- 
creases the .sensitiveness of the starch-iodide. An excess of either 
iodine or tannin inhibits the formation of the red colour in the 
iodotannio reaction, W. G. 
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Estimation of Cadmium by the Hydrogen Sulphide 
Method. Edward Schramm {J. Ind. Eng. Chem., 1919, H 
11X> — 113).' — The literature of the estimation of cadmium and the 
general considerations governing it are discussed, and a method 
described which permits of the accurate estimation of cadmium in 
brass. [See J. Soc. Chem. Ind,^ 1919, 181a.] T. H. P. 

A Very Sensitive Reaction of Copper. Application to the 
Analysis of Ashes and of Arable Soils, L. MAguENNE and 
E'. Demoussy {Conift, rend,, 1919, 168, 489 — 492). — When 
potassium ferrocyanide is added to a very dilute solution of copper 
chloride in hydrochloric acid in the presence of a zinc salt so that 
the copper and zinc are in the proportion of 1:4 or 5, the liquid 
is first tinged yellowish-red, hut gradually a precipitate forms 
which when separated is seen to be blue. This is a very delicate 
test for copper in the absence of iron, manganese, or nitric acid 
and may be applied to the detection and estimation of traces of 
copper in plant ashes if the copper is first separated electrolytically 
[See /. Soc. Chem. Ind., 1919, 235a.] W. G. 

Estimation of Iron in Ores by Permanganate. Robert 
Schwarz and Bernhard Rolfes {Chem. Zek., 1919, 43 , 51).— In 
the estimation of ferrous chloride in hydrochloric acid solution a 
mixture of manganese sulphate and phosphoric acid is added to 
inhibit the oxidation of the hydrochloric acid by the permanganate. 
This, however, is not perfectly effective; the results are always high, 
and hitherto it has been customary to correct this error by 
standardising the permanganate under the conditions under which 
it is used in the titration, thereby employing a false standardisation 
value. The authors have found that colloidal silicic acid exerts a 
perfect protective action, when used in addition to the manganese 
sulphate and phosphoric acid mixture, and that correct results are 
then obtained with permanganate standardised by any of the usual 
methods. About 4—5 grams of the ore are dissolved in 40 — 60 c.c. 
of boiling, strong hydrochloric acid, and the solution made up to 
500 c.c. Fifty c.c. of the liquid are reduced with stannous 
chloride, the excess of the latter removed by mercuric chloride, 
10 c.c. of the manganese sulphate and phosphoric reagent are added, 
and about 5 c.c. of a solution of “water-glass,’^ D 1’17, 1 c.c. of 
which contains about 0‘1 gram of Si02. The silicic acid must not 
separate in a flocculent condition, but remain in colloidal solution; 
the titration with perm; pganate should be made without delay. If 
the reduction of the iron he effected in another manner and no 
mercurous chloride be present, the silicic acid alone is capable of 
inhibiting the oxidation of the hydrochloric acid in the same way 
as the manganous salt. X F. B. 

The Estimation of Zirconium. Paul Nicolardot and 
Antoine Reglade (Compf, rend., 1919, 168 , 348 — 351). — Zircon- 
ium is quantitatively precipitated either in neutral solution or m 
the presence of sulphuric acid, up to 20% of acid, by the addition 
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of ammonium phosphate, the precipitate being calcined, ignited, 
and weighed as the pyrophosphate, using the factor 0‘487 for con- 
verting the weight of pyrophosphate into weigiit of oxide. This 
method may he used for the separation of zirconium from iron, 
chromium, and aluminium. In the presence of iron and chromium 
an acidity equal to 20% sulphuric acid is necessary to keep up these 
two metals, hut if aluminium is the only other metal present 10% 
acid is sufficient. W. G. 


A Microchemical Reaction for Gold, Silver, and Rubidium 
(Csesinm). Friedrich Emich {Monatsh^ 1918, 39. 77y_776).— 
Blood-red crystals are formed when solutions of gold chloride are 
brought into contact with silver chloride and rubidium chloride; 
these can be employed in the detection of the three metallic ions. 
The place of rubidium may be taken by caesium and probably by 
potassium. The new salts appear to be comparable with the well- 
Lown triple nitrites, and, like the latter, promise to be useful in 
raicroanalysis. 


The Estimation of the Methoxyl Group. Joh^ Theodore 
Hewitt and William Jacob Jones (T., 1919, 115, 193 — 198). 

[Estimation of Methoxyl Groups.] M. Honig (Monatsky 
1918 39 , 871— 872).-~In a recent communication (Honig and 
gpitzer, A., 1918, i, 375), a method of estimating methoxy-groups 
in subfitancas containing sulphur has been described in which the 
methyl iodide and hydrogen sulphide are absorbed m pyndme con- 
taining silver nitrate, and the estimation is completed after removal 
of the silver sulphide; the procedure was erroneously designated as 
a modification of the method of Kirpal and Biihn who, however, 
employed pure pyridine only. Further details with respect to the 
Jmly of the new method are promised in a subsequent 
mimication. 

EstimaUon of the Geraniol Content of Citronella Oil. 

■ A, W. K. De Jong (I'm. K. Akiul. Wetenuk Amskrd,wi, mv, 

■ 21, 676-581).— The method for the “l3m’T°176' 

citronella oil given in Schimmel & ho. s Bermht (A., ’ ’ j j 

1912, i, 880) I based on quantitative "" b! imnosstole 

by phthalic anhydride, and this the author finds to be 

ot attainment, although with ^ ,“tufv^« 

this method gives results differing but ' , . . y increases 

the amount of oitronellal estorified of 

with that of the geraniol present. Similarly, 
citronellal hy means of acetic anhydride is 

of either Jtic acid or geraniol, but complete estenlicato is here 
not possible without the use of sodium ace a 

Modifications of Benedict's and 37, 

Sugar Methods. Howard I). Haskins {J y ‘ 1911, 

303— 304).— In using Benedicts method (comp 
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ii, 340), sodium thiocyanate may replace potassium thiocyanate in 
preparing the solution if 106 grams of the former salt are used in 
place of 125 grains of 'the latter. In Folin's modification (compare 
A,, 1918, ii, 207) of this method, the, author recommends for the 
mixture of salts 20 grams of sodium thiocyanate, 60 grams of 
anhydrous sodium carbonate, and 100 grams of disodium hydrogen 
phosphate, using 4 grams of this mixture for each estimation, and 
boiling for only half the time recommended by Folin. W. G. 

Titration of Sugars by Rupp and Lebmaun's Method. 

E. ScHOWALTjER (ZciUch, Genussm., 1918, 36, 180 — 187). — 

This method (A., 1909, ii, 442) yields trustworthy results only 
when carried out under the exact conditions as to concentration of 
the solutions, etc., employed in constructing the sugar tables used 
for reference. In the iodometrio titration of the excess of copper, 
an aliquot portion of the solution should be taken if the amount 
of unreduc^ copper is large. [See, further, J . 8oc. Ghem, Ind., 
1919, April] W. P. S. 

Estimation of Soluble Starch in the Presence of Starch 
and its Hydrolytic Cleavage Products. Jaues Craig Small 
(J. Amer, Ghem, Soc.^ 1919, 41, 107- — 112). — The method is based 
on the insolubility of the blue iodine compound of soluble starch 
in the presence of a half-saturated solution of ammonium sulphate. 
Three grams of the sample are dissolved by suspending in 200 c.c. 
of water and heating to the boiling point. The liquid is made up 
to 250 C.C., and the unconverted starch removed by filtration or 
centrifuging j 200 c.c. of the filtrate are then treated with 10 c.c. 
of a 4% solution of iodine in 6% potassium iodide solution, and an 
equal volume of saturated ammonium sulphate solution is added, 
The flocculent precipitate is consolidated in the centrifuge, the clear 
liquid siphoned off through a filter, and the precipitate is washed 
about five times by shaking with water, adding an equal volume of 
saturated ammonium sulphate solution, and centrifuging each time. 
The washing is continued until the brown coloration due to , 
erythrodextrin has been removed. The blue precipitate in the 
centrifuge bottle, and any minor portion of it which has been 
collected on the filter, are washed into a flask with a total volume 
of water not exceeding 300- 400 c.c., and dissolved by boiling, after 
the addition of 5 c.c. of hydrochloric acid, D 1*125; the iodine is 
‘driven off, and the starch is completely saccharified by adding a 
further 20 c.c. of acif^. and heating in the boiling water-bath for 
four hours. The dextrose is determined polar imetrically and calcu- 
lated as starch. This method gives accurate results, even in the 
presence of large proportions of dextrins. It is to be noted that 
the violet iodine compound of amylodextrin is also precipitated by 
ammonium sulphate if an excess of iodine is present; it is dis^ 
solved, however, in the course of the washing, after the excess of 
iodine has been removed. Amylodextrin may therefore be deter- 
mined by difference, washing by the above m^hod in the one case, 
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and wiUi the additicm of excess of iodine solution to each wash 
water in the other. J. F. B. 

Gljrcogen Estimation. I. Yamakiwa [Tokyo. Igak. ^asshi, 
1917, 31, 47—68; from Physiol. Abstr., 1919, 3, 516).— The tissue 
is heated with potassium hydroxide at 120°, cooled, neutralised with 
hydrochloric acid, and then hydrolysed with the same acid. The 
protein is removed by means of colloidal ferric hydroxide and the 
dextrose estimated. The removal of the protein is essential, as it 
acts as a protective colloid. The results obtained in this manner 
are higher than those by previous methods, W. G. 

Simple Method for the Determination of the Digestibility 
d the Cellulosic Part of Vegetable Fibres, especially of 
l17oody Fibres. P, Wabxtig and W. Giebisch (Zeitsch. physiol. 
Jhetn., 1918, 103, 87 — 103). — Recent research on woody mailer 
las shown that thorough removal of the lignified substance from 
;he fibres is necessary in order to obtain material of a moderately 
ligh degree of digestibility. The authors have devised a simple 
Tiethod for obtaining rapidly an approximate measure of the non- 
jaccharifiable, and therefore undigestible, material, which inter- 
feres with the digestion of the nutrient constituents in woody sub- 
stances. This method is based on the fact that, when chlorine acts 
on woody fibre, the lignin is at first almost exclusively attacked, 
the proportiotn of lignin present corresponding with that of the 
chlorine absorbed. By “chlorine number" is understood the per- 
centage increase in weight, calculated on dry matter, occurring 
when the woody material is subjected under certain definite con- 
ditions to the action of a current of moist chlorine. As a general 
rule, the chlorine number and in digestibility increase or diminish 
together. [See J. Soc. Cheni. Ind,, 1919, 195a.] T, H. P. 

The Test for Tartrates Depending on the Formation of 
the Copper Tartrate Complex. L. J. Curtman and B. R. 
Harris (J. Aimr. Chem. Hoc., 1919, 41, 207).-The statement 
made by Curtman, Lewis, and Harris (A., 1918, ii, 87) that com- 
paratively small amounts of phosphates or borates, when treated 
according to Bbttger's proceiiure (“The Principles of Qualitative 
Analysis," 1906, 159), respond in the same way as tartrates, is now 
found to be incorrect; neither of these anions, even in am^n^ as 
high as 0‘5 gram, gives a blue filtrate. T, H. P. 

Fat Extraction Apparatus. B. Griffiths Jones (Analyst, 
1919, 44 , 46— 47).— Ao extraction flask is attached )n the 
ordinary way by means of a cork to the lower end of a veitica 
condenser. The material to be extracted is packed into an extrac- 
tion thimble which ia fitted on bo the lower end of the condenser 
tube, the thimble being thus inside the neck of the ftask. me 
vapours of the solvent contained in the flask are conducted through 
a side- tube vdiich passes juat through the cork closing the a , 
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and extends upwards and parallel with the condenser to, the top 
of the latter, and then passes down the condenser tube to approxim- 
ately the level of the water-intake. The condensed solvent falls 
into the thimble and passes back again into the flask. [See, further, 
J . Soc, Chem. Ind,, 1919, 201a.] W. P. S. 

Estimation of '^Saccharin” in Tablets. A. Bonis {Ann, 
Falsif., 1918, 11, 369—372). — Free sodium hydrogen carbonate ig 
estimated in the tablets by titration with A/lO-sulphuric acid, 
using methyl-orange -as indicator. The quantity of “saccharin’' 
is found by fusing a portion of the sample with a mixture of 
sodium carbonate and sodium nitrate, and estimating the sulphate 
formed ; the amount of barium sulphate obtained is calculated into 
sodium '"saccharinate.” Free “saccharin” may ];»e present, and is 
estimated by extraction with ether; in this case, the sodium 
“ saccharinate ” remains insoluble, and its quantity may be deter- 
mined by the fusion method mentioned. Lactose, if present, is 
estimated separately. ^Sulphaminobenzoic acid is detected in the 
tablets by hydrolysing the sample with hydrochloric acid, concen- 
trating the solution to a small volume, and placing it aside for 
twenty-four hours; the para-acid crystallises out, and may be 
collected and weighed. [See, further, ,7, Soc, Chem, 7nd,, 1919, 
198a.] W. P. S. 

Aiiial 3 rsis of Commercial "Saccharin,” II. Detection 
and Estimation of Impurities. H. Droop Richmond and 
Charles Alfred Hill {.J , Soc, Chem, Ind,^ 1919, 38, 8 — IOt. 
Compare A., 1918, ii, 339, and Procter, T., 1905, 87, 242).— The 
methods described deal with the following impurities and properties: 
Moisture. Mineral matter. ^-Suljthonarriinobenzoic acid. — 1-5 
Grams of “saccharin” are heat^ with 10 c.c. of 70*5% sulphuric 
acid so that the liquid boils in as nearly as possible one minute, 
and then boiled for exactly thirty seconds, the solution being then 
poured at once into 15 c.c. of distilled water kept cool by immersion 
of the vessel in cold water; after mixing, the solution is cooled 
under the tap, seeded with a trace of the para^acid, and placed in 
ice-water. If present to the extent of 1%, para-acid ci*ystallises 
out in thirty minutes or less; if 3% is present, the crystals usually 
begin to separate before seeding on cooling, and when about 10% 
is present, the acid begins to crystallise in the hot. o-S'idphon- 
aminohenzoic add. o-Toluenesidphonamide . — This dissolves in 

sodium hydrogen carbonate, whilst “ saccharin ” is insoluble. 
Ijcad. Arsenic. Am-mon^ } Easily carhonisahle orgamc matter.— 
The test of the British, French, and U.S. Pharmacopoeias may be 
replaced by the coloration obtained in the test for para-acid with 
70-5% sulphuric acid (see above). Sweetness. Melting pmnt.— 
Pure “saccharin” has m. p. 229°. French Codex identification 
test . — When heated in a test-tube with a small crystal of resorcinol 
and several drops of concentrated sulphuric acid^ saccharin 
gives a liquid at first reddish-yellow and then dark green. Trea^ 
ment of the cooled liquid with water and supersaturation with 
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sodium hydroxide gives a liquid showing intense green huorescence. 
This test is, however, not characteristic of ‘’saccharin/’ since the 
ortho-add gives the same result, and the amide a moderate 
fluorescence. T. H. P. 

Microchemical Identification of Stovaine and Cocaine. 

pENiGES {Bull. Soc, Fha/im.^ Bordeaux, 1917; from Ann. CUvi. 
anal,, 1919, [ii], 1, 85 — 66). — The tests described are carried out 
on a micrc^Gope slide, a small drop of the solution being treated 
with a drop of the reagent. Platinum chloride does not give a 
precipitate with a 0'5% stovaine hydrochloride solution, but a 
line, granular precipitate is obtained with a 1% solution; in the 
case of cocaine hydrochloride solution of either of the above con- 
centrations, a characteristic, crystalline predpitate is formed. 
Gold chloride gives a crystalline precipitate with both alkaloids, 
but the form of the crystals is quite different for the two salts, 
picric acid yields a yellow, crystalline precipitate with stovaine 
hydrochloride, whilst cocaine picrate is amorphous and changes to 
yellow, liquid droplets when stirred, [See, further, J. Soc. Ckem. 
Ind., 1919, 198a.] • W. P. S. 

Estimation of Morphine in Complex Products, 111. 
Opium and Mixtures containing Opium. Alfred Tingle 
{Amer. J. Phourm., 1918, 90, 851 — 861. Compare this vol., 
ii, 87, 88). — The presence of resinous matters in opium interferes 
with the estimation of morphine by the methods described pre- 
viously iloc. cit.)-, the greater part of these resins may be separated 
by heating the slightly alkaline solution containing them, together 
with the morphine, with an excess of salicylic acid. When the ' 
mixture is cooled, the resin is precipitated, and may be removed by 
nitration. The morphine is then precipitated from the filtrate, 
collected, re dissolved, extracted with alcohol-chloroform mixture, 
and titrated, [See, further, J. Soc, Chem. Ind., 1919, 116a.] 

W. P. S. 

New Titration Method for the Determination of Uric 
Acid in Urine. J. Lucien Morris (/. Biol. Chem., 1919, 37, 
231 — 238). — A slight modification of the method described for the 
estimation of uric acid in blood (compare A., 1918, ii, 251). 

W. G. 

[Detection of Traces of Blood Pigment.] John Alexander 
Milroy [Biochem. J., 1918, 12, 327- -329). — See this vol, i, 179. 

Impurity in Ethyl Ether giving a Blue Coloration with, 
Benzidine. F. Weehuizbn {Pharvi.Weekhlad, 1919, 66, 301 — 303.) — 
Attention is directed to the presence in some samples of ethyl ether 
used for analytical purposes of an impurity which gives a blue 
coloration on addition of hydrogen peroxide and benzidine. Pieces 
of potassium hydroxide kept in the ether for a time are sufficient 
to remove the impurity. W. S. M. 
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The Value of Walker's Method of Estimating Casein 
in Milk. A. Ageestini {Staz. sper, agr. Hal., 1917, 50, 109 — 11*4 ; 
from Vhem. Zenir., 1918, ii, 866). — Comparisons of the rapid 
method devised by Walker (A., 1914, ii, 309) with the process of 
Schlossmann and vou Bondzinski show the former to be very con- 
venient, but not completely trustworthy. The amounts of alkali 
required to produce neutrality in Walkers procedure after addition 
of formalin are either identical with or very near to those required 
in the direct titration of the original milk. This result appears 
to support the view of Bordas and Touplain (A., 1911, ii, 631) 
that the acidity of fresh milk depends mainly on the casein, and 
allows an approximate estimation of the latter by simple titration 
in the presence of })henoIphthalein as indicator. H. W. 

Vernes’ Method (Sero-diagnosis of Syphilis). Koger 
Douris and Robert Beicq (Bull. Soc, chim., 1918, [iv], 23, 
472 — 478. Compare Vernes, Compt. rend., 1917, 165, 769; 1918, 
166, 575; 167, 383). — Vernes has shown that serum in the 
presence of an inorganic or organic colloidal suspension causes a 
periodic precipitation, the rhythm of which differs according as 
the serum is normal or syphilitic, and that it is possible to pre- 
pare a fine organic suspension of a determined stability which will 
flocculate with a certain dose of syphilitic serum, but not with 
the same dose of normal serum. The authors give full details for 
carrying out the test, using red globules from sheep’s blood, ]ug 
serum, and " perethynol '' (an absolute alcoholic extract of dried, 
powdered, and de-fattecl horse-heart muscle), and measuring, not 
the flocculation, but the haemolysis coloi'imetrically. W, G. 

Estimation of Acidity and Titratable Nitrogen in 
Wheat with the Hydrogen Electrode. C. 0. Swanson and 
E. L. Tague (.7. Agric. Ren., 1919, 16, 1 — 15). — Aqueous extracts 
' of wheat were made at 5°, 20°, 40°, and 50°, the mi.'^tiire being 
shaken for times varying from five minutes to twenty -four hours. 
The hydrogen-ion concentration of the extract as aueasured by the 
hydrogen electrode is practically independent of the temperature 
and the duration of the extraction, but the volume of iV /20-barium 
hydroxide solution necessary to add to bring the extract to a 
definite value increases with the tiine of shaking, and within 
certain limits is proportional to it. As the duration increases, the 
volume of standard alkali required increases up to a limit, which 
is reached sooner as the temperature of extraction rises. This 
phenomenon is due to the p.'^^nce in the extract of substances 
which only become ionised when an alkali is added. 

iThe amino-nitrogen, as determined by Sorensen’s formaldehyde 
method, is all extracted in two hours at 40°. The amount of phos- 
phorus in the extract made at 20^ directly precipitable by magnesia 
mixture is about one-half of the total phosphorus present, but at 
40° practically the whole of the phosphorus *is converted into a 
form which is precipitated by magnesia mixture, W. G. 








